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THERMODYNAMIC  PROPERTIES  OF  A  REDLICH-KWONG  FLUID  IN  THE 

TWO -PHASE  REGION 


by 


B.  J.  Dalton1 *  and  Robert  E.  Barieau3 


ABSTRACT 

The  Bureau  of  Mines  Helium  Research  Center  has  as  a  long-range 
objective  the  development  of  an  equation  of  state  for  helium  that  will 
allow  all  of  the  thermodynamic  properties  to  be  calculated  within  the 
accuracy  with  which  they  are  known.  If  this  objective  is  to  be  re¬ 
alized,  a  method  of  calculation  must  be  known.  This  report  gives  the 
principles  of  the  method  we  use  in  such  problems. 

A  computer  program  (J3)3  was  developed  for  predicting  these  prop¬ 
erties,  including  those  at  the  critical  point,  that  is  perfectly 
general  and  applicable  to  any  equation  of  state.  To  demonstrate  the 
efficacy  of  our  method,  this  computer  program  was  used  to  evaluate 
thermodynamic  properties  of  a  Redlich-Kwong  fluid  in  the  two-phase 
region.  Expressions  for  calculating  various  thermodynamic  functions 
specific  for  this  particular  equation  of  state  are  derived.  Numer¬ 
ical  values  are  tabulated  and  graphs  are  presented  for  all  functions 
calculated . 


1  Research  chemist,  Helium  Research  Center,  Bureau  of  Mines, 

Amarillo,  Tex. 

3 Supervisory  research  chemist,  project  leader,  Thermodynamics, 
Helium  Research  Center,  Bureau  of  Mines,  Amarillo,  Tex. 
"Underlined  numbers  in  parentheses  refer  to  items  in  the  list 
of  references  at  the  end  of  this  report. 
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It  is  shown  that  for  a  Redlich-Kwong  fluid  there  are  finite  dis¬ 
continuities  in  (1)  the  second  temperature  derivative  of  the  Gibbs 
free  energy  or  chemical  potential  at  the  critical  point,  (2)  the  sec¬ 
ond  derivative  of  the  vapor  pressure  curve  with  regard  to  the  tem¬ 
perature  on  passing  through  the  critical  point,  and  (3)  the  measured 
heat  capacity  at  constant  volume  on  passing  through  the  critical 
temperature  when  the  calorimeter  is  filled  to  the  critical  density. 

It  is  also  shown  that  the  heat  of  vaporization  is  infinite  for  a 
Redlich-Kwong  fluid  at  absolute  zero. 

INTRODUCTION 

This  work  is  part  of  a  broad  program  underway  at  the  Helium  Re¬ 
search  Center  for  the  development  of  a  self-consistent,  accurate 
equation  of  state  for  helium  and  helium  mixtures  from  which  all 
thermodynamic  properties  can  be  calculated  within  the  accuracy  with 
which  they  are  known.  This  includes  the  calculation  of  all  properties 
in  the  two-phase  region.  Accurate  values  of  the  thermodynamic  prop¬ 
erties  of  helium  and  helium  mixtures  are  needed  to  design  improved 
process  and  separation  cycles  for  the  extraction,  concentration,  and 
purification  of  helium.  This  information  will  contribute  toward  plan¬ 
ning  and  coordinating  efficient  utilization  of  the  nation's  helium 
resources  and  for  the  future  development  of  new  uses  for  helium. 

In  a  previous  report  (2) ,  formulas  were  derived  for  calculating 
most  of  the  thermodynamic  properties  of  current  interest  from  an 
empirical  equation  of  state.  From  this  report  (2!)  ,  a  computer  program 
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(8)  was  developed  for  predicting  these  properties,  including  those  at 
the  critical  point.  This  computer  program  is  perfectly  general  and 
is  applicable  to  any  equation  of  state.  This  computer  program  was 
used  in  the  present  work  to  evaluate  various  thermodynamic  properties 
of  a  Redlich-Kwong  fluid  in  the  two-phase  region. 

The  notation  used  for  the  thermodynamic  functions  is  mainly  that 
of  Lewis  and  Randall  (18) ,  an  exception  being  that  G  is  used  to  rep¬ 
resent  the  molal  Gibbs  free  energy  or  chemical  potential  instead  of 
F.  The  relative  molal  heat  content  is  defined  as  Lewis  and  Randall 
originally  defined  this  property.  Relative  molal  properties  have  been 
extended  to  include  heat  capacity,  internal  energy,  entropy,  and  free 
energy. 

Numerical  values  are  tabulated  and  illustrations  are  presented 
for  all  functions  calculated.  The  numerical  values  listed  in  the 
tables  are  in  "E  format"  (i.e.,  the  number  to  the  right  of  E  indicates 
the  exponent  of  10  by  which  the  number  is  to  be  multiplied) .  The 
numerical  values  listed  within  the  tables  and  text  have  been  truncated 
to  the  number  of  figures  given. 

Other  than  a  previous  Bureau  publication  (5)  giving  results  for 
a  van  der  Waals  fluid,  the  authors  are  not  aware  of  any  previous 
publication  in  which  these  extensive  calculations  are  presented. 
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MATHEMATICAL  NOMENCLATURE  AND  SYMBOLISM 
In  this  report,  all  molal  thermodynamic  functions  are  assumed  to 
be  explicit  functions  of  the  molal  density,  P ,  and  the  absolute 
thermodynamic  temperature,  T: 

W=W(p,T)  ,  (1) 

where  W  is  any  molal  thermodynamic  property  of  a  homogeneous  phase. 
Then  for  a  differential  change,  we  have 

dw  -  © )Tdp  +  iH)PdT  •  (2> 

For  all  partial  derivatives  involving  the  variables  P  and  T,  we  will 
use  a  subscript.  Thus,  we  write 

"p  ■  ©)T  •  '  (3) 

w’  ■  (I)p  •  (4) 

We  extend  this  symbolism  to  second  derivatives  by  writing 
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The  extension  of  this  symbolism  to  higher  order  derivatives  involving 
the  variables  P  and  T  should  be  obvious. 

Thus,  consistent  with  our  symbolism,  we  write  equation  2  as 

dW  =  WpdP  +  WTdT  .  (8) 

If  we  wish  to  express  the  change  in  W  with  temperature,  keeping 


the  pressure,  P,  constant,  we  have 

AdW\  /dp\ 

KbTjo  ~  Wt  +  WpVdT A 


(9) 


For  partial  derivatives  involving  variables  other  than  P  and  T, 
we  will  use  a  small  curly  d,  d,  to  indicate  a  differential  as  in  the 
left-hand  side  of  equation  9. 

Higher  order  derivatives  involving  variables  other  than  P  and  T 
are  obtained  as  follows.  Differentiating  equation  9  with  regard  to 


T,  keeping  P  constant,  we  have 

d2W\  dWT  \  ,'dWp\  dp\ 

'  - - '  —  ) 

p  W  X  /p  W  i  /p  WJL/p 


■'d2  p\ 


'vdT2^  VdT  )P  +  W  AUtA  +  kpVdrTy 


(10) 


But 


OWy  \  f d  p 

\W)e  =  Wtt  +  wPTlaT/!, 


(in 


and 


dW 


£  i  . 


j  dp  \ 


Vst  A  wpt  +  wppW 


(12) 


Substituting  equations  11  and  12  in  equation  10,  we  find  that 

/d2W\  ydp\  Op '>2  ds  p  \ 

KW),  =  "tt  +  2Hpt  (af)  +  wPPl.aiA  +  MaFA  ■  (13) 


If  we  have  two  phases  in  equilibrium  and  we  wish  to  express  the 
change  of  W  with  temperature,  but  maintaining  the  two  phases  in 


equilibrium,  we  write 
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dW  =  /dW\  d£  /dW\ 
dT  W/T  dT  VdT/r 


Wp  +  WT 


(14) 


and  in  this  type  of  derivative,  we  use  a  small  d  to  indicate  a  dif¬ 
ferential  (when  two  phases  remain  in  equilibrium)  as  in  the  left-hand 
side  of  equation  14. 


THE  REDLICH-KWONG  EQUATION  OF  STATE 
The  Redlich-Kwong  equation  of  state  (21)  is 

RTP 


P  = 


a'p2 


(l-b'p)  (l+b'p)T 


Oyfe 


where  R  is  the  gas  constant  and  a  and  b  are  constants. 


(15) 

In  terms 


of  the  compressibility  factor,  equation  15  may  be  written  as 

P  1  a'p  (16) 


Z  = 


pRT  (l-b'p)  "  RT^Q+b'p)  ’ 


where  Z  is  the  compressibility  factor  and  is  defined  by  equation  16 


We  define 


Oi  =  P/Pc  >  the  reduced  molal  density. 


(17) 


3  =  P/Pc ,  the  reduced  pressure,  and  (18) 

V  =  t/T0 ,  the  reduced  absolute  thermodynamic  temperature,  (19) 
where  Pc ,  Pc ,  and  T0  represent  molal  density,  pressure,  and  tem¬ 
perature  at  the  critical  point. 

Substituting  equations  17  and  19  in  equation  16, 

1  (a'Po/RTt6)* 


Z  = 


(l-b'pca)  '  Yafe(l+b'p0a) 


(20) 


The  two  constants  of  the  Redlich-Kwong  equation  of  state  may  be 
determined  from  the  critical  conditions  (2) .  The  results  are: 


. 


■ 


. 


27 


a  =  (aV/RT?6)  =  [S^^-l)]-1  =  1.28244  , 


(21) 


b  =  b'pc  =  (2^-1)  =  0.259921 


(22) 


Zc  =  1/3  , 


(23) 


where  Zc  is  the  compressibility  factor  at  the  critical  point. 


Substituting  equations  21  and  22  in  equation  20, 


(1-ba) 


ySfe  ( i+bor) 


(24) 


Equation  24  is  the  expression  for  the  compressibility  factor  of  a 
Redlich-Kwong  fluid  in  terms  of  the  reduced  variables  of  density 
and  temperature. 

The  reduced  pressure  is  given  by 


0  =  (P/P0)  =  (p/pe)(T/T0)(Z/Zc)  , 


(25) 


or,  with  equations  23  and  24, 


(26) 


which  is  the  expression  for  the  reduced  pressure  of  a  Redlich-Kwong 
fluid  in  terms  of  the  reduced  variables  of  density  and  temperature. 

To  calculate  all  of  the  thermodynamic  properties  of  a  pure 
material,  including  those  in  the  two-phase  region,  from  a  single 
equation  of  state,  various  partial  derivatives  of  the  pressure  or 
of  the  compressibility  factor  must  be  evaluated  along  with  the  value 


of  the  integral 
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X  =  I  (Z-l)  ^ 


(27) 


In  addition,  various  partial  derivatives  of  the  above  integral  must 
be  calculated.  Since  all  functions  can  be  differentiated,  if  X  can 
be  expressed  analytically,  then  all  thermodynamic  functions  can  be 
expressed  analytically  as  explicit  functions  of  the  reduced  variables 
of  density  and  temperature. 

For  a  Redlich-Kwong  fluid,  the  integral  X  as  defined  above  is 
integrable  and  differentiable  with  respect  to  the  reduced  variables 
of  density  and  temperature  and  can  be  expressed  analytically  in  terms 
of  these  same  variables.  We  show  in  this  report  that  if  the  quantities 
given  by  equations  28-38  have  been  calculated,  then  all  thermodynamic 
properties,  including  those  at  the  critical,  can  be  determined: 


(28) 


(29) 


L(l-ba)3  +  (1+bof)3  j 


(30) 


Y 


(31) 


(32) 


* 


t 


.  • 


. 


' 
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JQ!Q!CX  \  ba 


az 


aa 


=  6b2 


Y 


~i 


_(l-ba)4  '  Y5BTI+MrJ  ; 


(33) 


aay 


dZ  v  /dZ  \ 

QY  \  _  /  QQ1  v  _  _  3ab 

a#  /  \  by  J  v52 (1+ba)3 

Y  a  1 


(34) 


aaaa 


az 

aero'  -  _  3:  b  a 

a^  /  L(l-ba)5  y3®  (H-bc*)5  J 

Y 


(35) 


X  = 


a 


o 


(2-1)  —  =  -tn(l-ba)  -  tAt  tn(l+ba) 
a  byw 


(36) 


At 


XY  =  :  ZY^=©  =  2^ta<1+b“>  ’ 

o  'a 

(37) 

x  =  [  z  —  =  =  -  y~5v/3  ^na+boO  . 

YY  oQ  YY  a  Vay  /  4by7/y 

(38) 

the  critical  point,  where  0=1,  3=1,  y=l: 

(^q'^°*p-  -  -  ’ 

(39) 

(ZY)e .=  1.52681  ; 

(40) 

^Q'Q'^0  *  p  *  ~~  ^Zc  ~  ’ 

(41) 

(Z^c.p.  =  1-21183  ; 

(42) 

(ZYY)c.p.  =  -3.81702  ; 

(43) 

<Wo-P-  =  °- 144907  ; 

(44) 

(Zc^y)c .p .  =  _1/2  5 

(45) 

- 


30 


UcuoJ'.r.  =  °- 663623 


(46) 


(X)c.p.  =  -0.838988  ; 


(XY)c.p.  =  1.70998 


(47) 

(48) 


(XYY)c.P.  =  -4.27495 


(49) 


THE  PRESSURE-TEMPERATURE  COEFFICIENT  AT  CONSTANT  DENSITY 
From  equations  25  and  26,  we  find  that 


e 


=  fM'"]  =  2L 


r[z  +  YV  =  +  arossy. 


Y  \oy. 


O' 


(50) 


At  the  critical  point, 


(Zy><=  -P- 

(By)c  .p  .  =  1  +  — ~= -  =  5.58043 


(51) 


THE  PRESSURE -DENSITY  COEFFICIENT  AT  CONSTANT  TEMPERATURE 
From  equations  25  and  26,  we  have 


e  -  (H)  =  f-[Z  +  oaj  -  3V  7t4 - 


\da/  z, 

Y 


Q(  “C 


(1-ba)2  Y3^"  ( l+ba)‘ 


(52) 


At  the  critical  point, 


Oa)c.F.  =  0 


(53) 


THE  DENSITY- TEMPERATURE  COEFFICIENT  AT  CONSTANT  PRESSURE 
The  density- temperature  coefficient  at  constant  pressure  may  be 


expressed  as 


by 


3 


oe/SY)ff  eY 

OP/a«)Y  ' 


(5a) 


' 


. 
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Substituting  equations  50  and  52  in  equation  54, 

_  gCz+YZy]  ^  a>(l-bq)  (l+bcOCY3^  (1+bq)  +  (aty/2)  (1-bq)  ] 
^Y/p  YlZ+otZy]  yCy3^  (1+ba)2  -  aa(l-ba)2  (2+ba)] 


At  the  critical  point. 


I  f$2L\ 

LKby  J 


p- 


=  ±  CO 


(56) 


where  the  limiting  value  of  this  function  depends  on  the  path  chosen 
in  approaching  the  critical  point.  Obviously,  there  is  only  one 
limiting  value  when  the  critical  point  is  approached  from  physically 
realizable  states.  This  statement  applies  to  other  functions  in 
this  report  which  we  indicate  are  multivalued  at  the  critical  point. 


THE  SECOND  DERIVATIVE  OF  THE  PRESSURE  WITH  REGARD  TO  THE 
TEMPERATURE  AT  CONSTANT  DENSITY 


Differentiating  equation  50, 


[2Zy  +  YZYy]  =  - 


9aoP 

4Y^  ( 1+bcO 


(57) 


At  the  critical  point, 


[2Z  +  z  ]c .  p  . 

(3yy)c  .p  .  = -  z~'U -  =  "2*29021  •  (58) 

THE  COEFFICIENT  OF  COMPRESSIBILITY  AT  CONSTANT  TEMPERATURE 
In  a  previous  Bureau  report  (.5)  ,  it  is  shown  that  the  reduced 
coefficient  of  compressibility  at  constant  temperature  is  expressible 
as 

...  h.  =  J_  =  _L_ 

V  \dp/  ot  \d3  /  * 

t  Y  a 


(59) 
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where  V  is  the  molal  volume.  Substituting  equation  52  in  equation  59, 

1  fdoA  Zc  y  Vs  ( 1-bcy)  3  ( 1+ba)  5 _  , 

a  \dP/  ^[^VT  3o'[y3^  ( 1-f-bQ') 3  -  aa(l-ba)2  (2+bcr)  ]  *  ^ 


At  the  critical  point. 


i  _1_ 

L  <* 


rt  00 


(61) 


THE  COEFFICIENT  OF  THERMAL  EXPANSION  AT  CONSTANT  PRESSURE 


The  reduced  coefficient  of  thermal  expansion  at  constant  pres¬ 
sure  in  terms  of  the  reduced  variables  of  density  and  temperature  is 
given  by  (5) 


Te  /dV\  _  _1_  /  dofN. 

V  VdT/p  a  W/g 


(62) 


Substituting  equation  55  in  equation  62, 

_  _L  /  M')  =  [z+YZy]  =  ( l-b(y)  ( 1+bcy)  [y3'5  ( l+bcr)  +  (acr/2)  ( 1-boQ  ] 

O'  wY/g  Y[Z+aZa]  y[y^  (l+bo1)^  -  aQf(l-ba)2  (2+ba)  j 


At  the  critical  point. 


1  (bot\  j 

L"  q?  \sY^Jc 


=  ±  CO 


(64) 


PARTIAL  DERIVATIVES  OF  X  WHICH  CAN  BE  CALCULATED 
FROM  PREVIOUSLY  CALCULATED  QUANTITIES 

The  following  partial  derivatives  of  X,  which  will  be  used 

later  in  this  report,  can  be  calculated  from  previously  calculated 


quantities : 


' 


. 
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'dx\  z^l  r  b  _  a  ~1 
a  \3cr/  or  L(l-ba)  Y3*'  (1+ba)  J  * 


X 


aa 


,dx  v 

(  — 

\dot 


Y 


-  (z-D 

a2 


=  b 


_(l-ba)2  +  (1+ba)3- 


x  m&\  _  ZY  3a 

OY  W  )  \$ct  )  a  2Y^  ( 1+ba) 

Ot  Y 


THE  FUGACITY  FUNCTION 

In  a  previous  report  (2) ,  it  is  shown  that 

in  -J-  =  (Z-l)  -  In  Z  +  X  , 

where  f  is  the  fugacity.  Substituting  equations  24  and  36  in 
tion  68, 


-tn  —  =  a 


b  a 

(1-ba)  "  Y%  ( 1+bcO 


+ 


1  - 


bY 


W 


in  ( l+bcr) 


-  in 


(l+ber)  -  ^21 


At  the  critical  point. 


^  jr  =  [zc  -  i  -  ^  z0  +  (x)c  .P.] 


-0.407043 


Taking  the  anti logarithm, 


=  0.665615  . 


THE  RELATIVE  GIBBS  FREE  ENERGY 


From  the  definition  of  fugacity  (18) , 


(65) 

I  ;  (66) 

(67) 

(68) 

equa- 

(69) 

(70) 

(71) 


(G-G°)  =  RT  -tn  f  , 


(72) 


^  E  ^  -  («d  I)  li  - 
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where  (G-G°)  is  the  relative  molal  Gibbs  free  energy.  In  terms  of 
the  reduced  variables  of  density  and  temperature,  the  relative  Gibbs 
free  energy  is  expressible  as 


(G-G°)  -  RT  In  Pc  r  <*Y  1 

-  RT -  =  ylln  Z  +  (Z”1)  +  XJ 


(73) 


Substituting  equations  23,  24,  and  36  in  equation  73, 


(G-G° )  _  r  3gY  ,  bp 

RTC  V  (1-bp)  +  (1-bo) 


to(1+b“>]  •  (74) 


At  the  critical  point, 


(Ge  -Gg  )  -  RTC 
RT 


In  p„ 


=  [-Ln  zc  +  Zc 


1  +  (X)C.PJ  =  -0.407043  .  (75) 


THE  RELATIVE  HELMHOLTZ  FREE  ENERGY 
From  thermodynamics  ( 18) , 

(A- A0)  =  (G-G°)  -  RT  (Z-l)  ,  (76) 

where  (A-A° )  is  the  relative  molal  Helmholtz  free  energy.  Substi¬ 
tuting  equations  68  and  72  in  equation  76, 

(A- A0)  =  RT  \_ln  ~  +  X]  , 

=  RT  [In  pRT  +  X]  .  (77) 

In  terms  of  the  reduced  variables  of  density  and  temperature,  the 
relative  Helmholtz  free  energy  is  expressible  as 


(A-A°)  -  RT  In  P0 
RT„ 


=  Y 


Ln  ^  +  X  j 


(78) 


Substituting  equations  23  and  36  in  equation  78, 
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(4-A°).  -  RT  P9  =  r  ,  ,.3q(Y  . 
RT0  YL  (1-bof) 


'gjw  ^(i+boo  j 


(79) 


At  the  critical  point. 


(Ac  -Ac )  -  RTC  In  Pc 


RT, 


=  [~tn  Z0  +  (X)c  .p  . 


=  0.259623 


THE  RELATIVE  ENTROPY 


In  a  previous  report  (2) ,  it  is  shown  that 


(S-S°)  +  r  In  Po 

R 


*  f  +  X  +  Y\  ] 


(80) 


(81) 


where  S  is  the  molal  entropy  at  Oi  and  Y ,  S°  is  the  molal  entropy  of 
the  hypothetical  fluid  in  the  ideal  state  at  unit  pressure,  and 
(S-S°)  is  the  relative  molal  entropy. 

Substituting  equations  23,  36,  and  37  in  equation  81, 


(S-S°)  +  R  In  Pc 

R 


why +  ]  • 


At  the  critical  point, 


(Sc  -sg)  +  R  -in  Po 

R 


=  Un  Zc  -  (x+xy)c  ,P  . 


-1.96960 


THE  RELATIVE  INTERNAL  ENERGY 


(82) 


(83) 


In  a  previous  Bureau  report  (_2)  ,  it  is  shown  that 


^  -  -V*v  •  <«> 

where  E  is  the  molal  internal  energy  at  ot  and  Y ,  E°  is  the  molal 
internal  energy  at  zero  density  at  the  same  temperature  Y,  and 
(E-E°)  is  the  relative  molal  internal  energy. 

t 


' 


- 


’ 


36 


Substituting  equation  37  in  equation  84, 


(E-E°) 

R1i 


-tn(l+ba) 


(85) 


At  the  critical  point. 


^~eEc }  =  -  (Xy)o.p.  =  -1.70998  . 

THE  RELATIVE  HEAT  CAPACITY  AT  CONSTANT  VOLUME 
In  a  previous  report  (2 ) ,  we  find 


(86) 


(Cy  — Cy  ) 
R 


=  -Y(2Xy  +  YXYy) 


(87 


where  Cv  is  the  molal  heat  capacity  at  constant  volume  at  O'  and  Y, 
Cy  is  the  molal  heat  capacity  at  constant  volume  at  zero  pressure 
or  density,  and  (Cv-Cy)  is  the  relative  molal  heat  capacity  at 
constant  volume. 

Substituting  equations  37  and  38  in  equation  87, 


(Cv-Cv)  3a 

— =  4^5-  ^a+to) 


(88) 


At  the  critical  point, 


o  _ 


Cv  -Cv 
R 


=  “(2Xy  +  XYY)0  .p .  =  0.854990 


(89) 


THE  RELATIVE  HEAT  CONTENT  OR  THE  RELATIVE  ENTHALPY 
It  has  been  shown  in  a  previous  report  (2)  that 


RT( 


h-  -  ^  -  VC(Z-l)  -  YXJ  , 


Y‘ 


(90) 


where  H  is  the  molal  enthalpy  at  0i  and  Y ,  H°  is  the  molal  enthalpy 


t 


' 


37 


at  zero  pressure  at  temperature  Y,  and  L  =  (H-H°)  is  the  relative 

molal  enthalpy  or  the  relative  molal  heat  content. 

Substituting  equations  24  and  37  in  equation  90, 

L  b(YY  a[2bcy  +  3(l+bcQ  In  (1+ba)]  ,  n 

RTC  (1-ba)  '  2by^  (1+ba)  * 

At  the  critical  point, 

=  [Ze  -  1  -  (xy)c  =  -2.37664  .  (92) 

THE  RELATIVE  HEAT  CAPACITY  AT  CONSTANT  PRESSURE 
In  a  previous  report  (2) ,  it  is  shown  that 


(Cp-Cg) 

R 


1 

RT0 


+  La(3o(/dY)p  j 


1  r 

RT0  LLy  "  La  ’ 


(93) 


where  CP  is  the  molal  heat  capacity  at  constant  pressure  at  ot  and  Y, 
eg  is  the  corresponding  quantity  at  the  same  temperature  Y  but  for 
a=0 ,  and  J  =  (Cp-Cp)  is  the  relative  molal  heat  capacity -at  constant 
pressure . 

From  equation  90,  one  may  obtain 


_h_  =  -±_ 

RTS  RTC 


vay/a 


=  (Z-l)  +  YZy 


"  Y  (2Xy  +  YXyy) 


or,  substituting  equation  87  in  equation  94, 


b. 

RTC 


(Cy  -C?) 
R 


+  (Z-l)  +  YZy 


(94) 


(95) 


Also,  from  equation  90  we  find  that 


?.J1 


38 


RTc  RTC  (da)  Y^Za  '  Y)W 


Y 


(96) 


or,  substituting  equation  67  in  equation  96, 


af  =  x 
RT^ 


=  -L  [«tf  -  YZ 


VJ 


(97) 


Substituting  equations  95  and  97  in  equation  93, 


j  (Cp-Cp)  (Cv-C?)  "-v 

- -  -  -  jr—  - 1  +  <z  +  v\y  -  w-  (“za  -  yv 

a 


YP, 


R 


R 


(98) 


But  from  equation  50,  we  find  that 


zc3 


0*-y 


Z  +  YZ  =  - 

Y  & 


(99) 


From  equation  52,  we  find  that 


OiZ  = 


zc3 


a 


a  Y 


-  Z 


(100) 


From  equation  99,  it  follows  that 


z03 


-YZ..  =  Z  -  ~ — 
Y 


Y 


(101) 


Adding  equations  100  and  101, 


(aZ  -  YZ  )  =  -SL  (op  -  Y0  ) 

v  a  Y  ay  a  Y 


(102) 


Substituting  equations  99  and  102  in  equation  98, 


_j  =  (Cp-Cg)  (C,-C?)  X-  r  (g8tt  ~  YgY) 

R  R  R  ‘  1  a  l1  erf 


a t 


7 


(Cv-C?)  yZcPY 

~ r~"  -  1  +  FT~ 


a 


(103) 


: 


. 
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Substituting  equations  23,  50,  52,  and  88  in  equation  103, 


J.  =  .3a  Mn+b£ys  .  ,  [Y^d+ba)  +  (aa/2)(l-bar)? 

R  4^  ^  '  Y315  [Y3®  ( 1+bo) -  ao(  1-bo)2  (2+bo)  ] 


At  the  critical  point. 


J_ 

R 


0  •  p 


Cy-C°-| 

R  Jo  •  9 


+ 


Zo  (PY)2 

_ Y  c  .  p 

(3a)c  .p  . 


-  1  =  ±  00 


(104) 


(105) 


THE  SECOND  DERIVATIVE  OF  THE  CHEMICAL  POTENTIAL  OR  GIBBS  FREE 
ENERGY  WITH  REGARD  TO  THE  TEMPERATURE  AT  CONSTANT  DENSITY 

In  a  previous  report  (2) ,  we  find  that 


m 


o 


+  Q 


R 


“  Y(2Xy  +  YXyy)  +  Y(2Zy  +  yz^y) 


(106) 


From  equation  57,  it  follows  that 


(2Z  +  yz  )  =  -®-  3 

N  y  1  yy7  ot  YY 


(107) 


Substituting  equation  107  in  equation  106, 


iw)p  +  c* 

R 


Z0Y 


=  y(2X  +  yX  )  + 

1  y  1  yy7  qi  YY 


3, 


(108) 


Substituting  equations  23,  37,  38,  and  57  in  equation  108, 


<0)  +C? 

p 

R 


3a 

4y3^" 


.0*5)  +  "b"  tn(1+ba) 


(109) 


At  the  critical  point,  from  equation  108 


T@  +C? 


R 


D 


-*c  .p 


“  I  2(X^)0  .  +  (XYY)o  . p  .  +  Z0  0YY)c  .p 


=  -1.61839 


(110) 


- 
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THE  DIFFERENCE  BETWEEN  THE  HEAT  CAPACITIES  AT  CONSTANT 
PRESSURE  AND  AT  CONSTANT  VOLUME 

In  a  previous  report  (2^  ,  we  find 

cP  -Cy  <z  +  yy2 

R  (Z  +  aza) 

From  equation  52,  we  find  that 

zc3 

(Z  +  aZ  )  =  ~~  . 

g  Y 

Substituting  equations  99  and  112  in  equation  111, 

Z282v  YZ  B2 
CP  -Cv  °mY  y  QmY 

R  c^zjp 

c  a  a 

Substituting  equations  23,  50,  and  52  in  equation  113, 

CP  -Cv  [y^q+bg)  +  (ag/2)  q-bg)  ]3 

R  y  afe  j- ( i+ba) 2  -  ag  ( 1  -  bg)  2  (  2+bg)  ] 

At  the  critical  point, 

.  rCP  -c»  “I  z =<V“-P- 

L  *  -I.,.  =  "oy;;Pv  -  *  ”  •  - 


cm) 


(112) 


(113) 


(114) 


(115) 


THE  RATIO  OF  THE  HEAT  CAPACITIES  AT  CONSTANT 
PRESSURE  AND  AT  CONSTANT  VOLUME 

Multiplying  equation  113  by  R/Cv  , 


C£.  _  YZoPy 

C,  ‘  1  a®|3a(Cv/R) 


(116) 


which,  from  equations  88,  113,  and  114,  can  be  written  as 


f-  =  i  + 


[y3^  q+bg)  +  (ag/2)  q-bg)]2 


Y^fe  y3^  (1+bg)2  -  ag(l-bg)2  (2+bg)  Ln(l+bg) 


(117) 


■ 


’ 
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At  the  critical  point. 


c 


z„  <eY>!  . 

[@a(Cv/R)X.P.  ~  ±  " 


THE  VELOCITY  OF  SOUND 


In  a  previous  Bureau  report  (j>)  ,  it  is  shown  that 


mq2  =  Cp_ 

RT0  Cy  c  Pa 


where  M  is  the  molecular  weight  and  Q  is  the  velocity  of  sound 
Substituting  equation  116  in  equation  119, 


YZ?P2 


MQ3  „  n  i  '“°"Y 
RT„  -  Z" P-  +  - 


a  a2  (C v  /R) 


Substituting  equations  23,  50,  52,  and  88  in  equation  120, 


MQ2  _  [y^d+btt)5  -  ag(l-bq)2 (2+ba) ] 
RTC  YVs (1-ba)2 (1+bc*)2 


+ 


[~Y^3Q+bCy)  +  (aot/2)  (1-bcy)  ]* 


Y2  (1-boO2  (1+ba)2 


rr° 

_  R 


+ 


3a 


4bY^’ 


In  ( l+ba) 


J 


At  the  critical  point. 


MQ2 

C 


z?  O  J* 


y'c  .p 


RT-  =  (Cy/R) -  =  |_0. 289005  (C”/R)  +  0.247097 


-l 


THE  TEMPERATURE-PRESSURE  COEFFICIENT  AT  CONSTANT 
ENTHALPY  OR  THE  JOULE-THOMSON  COEFFICIENT 


From  a  previous  report  (2) ,  it  can  be  shown  that  the  Joule- 


(118) 


(119) 


(120) 


(121) 


•  (122) 


Thomson  coefficient 


. 


, 


' 
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,  St 

>* = 


H 


(123) 


can  be  expressed,  in  reduced  units,  as 


dy 

S3 


Y[aza  -  vzy] 


* —  c  — I 

H  Y[aZtf  -  Y^]^  -  a[_^-  +  (Z  +  YZy)  fa 


(124) 


Equation  124  can  also  be  written  as 


/'Sy\ 

\S3/ 


zc  (afl  -  Y3V) 


ot 


Y 


H 


^(Cp  /R) 


(125) 


Substituting  equations  23,  50,  and  52  in  equation  125, 


/Sy\  =  1  [Y^bd+ba)2  -  (a/ 2)  ( l-bop2  (5+3bQ>) ] 

"  3(CP/R)  [Y35 ( 1+ba)2  -  aa(l-ba)2 (2+ba)] 

n 


(126) 


where,  from  equations  88,  113,  and  114, 


Cp_ 

R 


cv  YZC32 

T  +  o2  3 

ot 


fO 

uv 


'V  .  3a  [Y^d+ba)  +  (aa/2)  (1-ba)]2 . 

R  +  4bT^  ^  (1+b0,)  +  ^[Y^d+bSfc  -  ^aa ( l-ba)2  (2+bot)  ] 


(127) 


Equation  127  is  to  be  used  in  equation  126. 

At  the  critical  point,  we  have  from  equation  124,  since 


OJc  .P 


Ot' 


=  0, 


(*1) 

\S3/ 


H 


(Uc.P 


=  0.179197 


Y' 


C  .P 


(128) 


THE  PRESSURE-TEMPERATURE  COEFFICIENT  AT  CONSTANT  ENTROPY 
In  a  previous  report  (_2)  ,  we  find 


L.  (*i\  m  rm 

pe  VSt Jn  \dy J 


c^cu3 


=  3,,  + 


ot 


S  Y  zcry3y 


(129) 


, 
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Substituting  equations  23,  50,  52,  and  88  in  equation  129, 

/3g\  =  3arY^3a+btt)  +  (aa/2)  (1-ba)] 

Vdy/g  (1  _ bey)  ( 1+bQf ) 


3 ^n(l+bcr)j  j Y^(l+ba)2  -  aa(l-ba)2  (2+ba) 


(1-ba)  (1+ba)  [Y%  (1+ba)  +  (aa/2)  (1-baO  ] 


At  the  critical  point,  we  have  from  equation  129,  since  (3a)c.p. 


_Tc  (Spy 

_PC  VST/J 

c  .P  . 

LU4J 

=  OJc.p.  =  5.58043 

P  .  I 


THE  VOLUME- TEMPERATURE  COEFFICIENT  AT  CONSTANT  ENTROPY 
From  mathematics , 

/SVY  (dS/ST)y 

‘  (3S/3V)t  • 

But  (18) 


Substituting  equations  133  and  134  in  equation  132, 


or ,  in  reduced  units , 


Pc  Tc 


f*v)  .  fMlM.)  =  .  (c.  /R) 

VST/g  V  3v  /  g  ZcY8y 


Substituting  equations  23,  50,  and  88  in  equation  136, 


.  (130) 
=  0, 

(131) 

(132) 

(133) 

(134) 

(135) 

(136) 
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/dvN  Y3^  (1-ba)  ( 1+ba)  ^  ^(1+ba) 

PcTe  V d T )  ~  oily^2  (1+ba)  +  (aa/2)  (1-ba)  ] 


At  the  critical  point, 


r  rbv , 

lpc  TC  Ut^s_ 


c  .  £ 


(Cv  m 

■ZcPY 


-Jc  •  p 


0 . 537592(Cy /R)  +  0.459636 


THE  PRESSURE-VOLUME  COEFFICIENT  AT  CONSTANT  ENTROPY 
From  mathematics, 

,/apN  <Sp/5T>s 

\3V/S  (SV/3T) g 


or,  in  reduced  units. 


c  A  o 


/spy 

(  ap  a 

W;0  “ 

\d(l/a) /_ 

Uy/c  a 

3Y  A 


Substituting  equations  129  and  136  in  equation  140, 


dP 

PCP0  V3V 


-  o 


Z  yd3 
a  1  v 


a  (Cv /R) 


Substituting  equations  23,  50,  52,  and  88  in  equation  141, 


_l_  (m  . 

p0pc  VsvA 


30^  [Y^C 1+boQ 3  -  aof(l- bop 2  ( 2+ba )  ] 

^55  (i+ba)2  (1-bcO2 

3c^3  [y3^  ( l+bo1)  +  (ao,/2)  (1-bq) 


Y2  (1-ba)2  (1+ba)2  !  +  2^3^  -tn(l+b<*) 


At  the  critical  point, 


(137) 


.  (138) 


(139) 


(140) 


(141) 


•  (142) 


. 
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1  ,/dp\  '  Zc  *p*  1  /MQ§  \ 

-Pc  Pc  -p  •  (Cv  /R)c  .P.  =  "  zT  VrtTV 

=  -[0 . 096335 (G^ /R)  +  0.0823657]"1 

THE  SECOND  V TRIAL  COEFFICIENT 

In  a  previous  Bureau  report  ( 2 ) ,  the  reduced  second  virial 

coefficient,  Br  ,  is  defined  as 

Br  =  Bpc  =  (Z  )  _ 

r  \  a'c*=0 

Thus,  from  equation  28,  evaluated  at  Q'=0, 

Br  =  (b  -  aY_3fe)  =  0.259921  -  1.282441  y"3^3  . 

For  the  critical  isotherm, 

Br  =  -1.022519  . 

THE  BOYLE  TEMPERATURE 

If  we  define  the  Boyle  reduced  temperature,  YBoyie?  as  the 
reduced  temperature  where  the  second  virial  coefficient  is  zero, 
then  Yaoyie  is  given  by  the  relation,  for  a  Redlich-Kwong  fluid, 

b  “  35  ”  =  0 

Soyle 

or,  with  equations  21,  22,  and  147, 

Yioyie  =  (a/b)3*3  =  2.89821  . 

THE  THIRD  VIRIAL  COEFFICIENT 

In  a  previous  Bureau  report  (2) ,  the  reduced  third  virial 

coefficient,  Cr  ,  is  defined  as 

Cr  =  Cpf  =  (Z  )  n  . 
r  0  v  acr  a=0 


■  (143) 

(144) 

(145) 

(146) 

(147) 

(148) 


(149) 


■  ,  <n$&>  *  t  * 


. 
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Therefore,  from  equation  30,  evaluated  at  cy=0,  and  with  a  and  b 
defined  by  equations  21  and  22, 

Cr  =  2b(b  +  ay”^)  =  0.135118  +  (2/3)y~^  .  (150) 

For  the  critical  isotherm, 


Cr  =  0.801784  . 


(151) 


THE  JO ULE - THOMSON  INVERSION  CURVE 
The  Joule-Thomson  curve  is  defined  as  the  curve  for  which  (J.=0 
From  equation  124,  it  can  be  seen  that  |i  will  equal  zero  if 


cyZ_  =  YZ,,  , 


Oi 


Y 


provided  the  quantity 


a[Y  +  (Z  +  YZy)  j 


t**0  ■ 


(152) 


(153) 


From  equations  28  and  29,  we  see  that  (i=0  when 


bey  _  a at  (5  +  3 bey) 
(1-bey)2  2Y^2  (l+bey)2 


(154) 


or, 


~a(  1-bey)2  (5+3bey) 

2b(l+bey)2 


-e/5 


(155) 


Substituting  equation  155  in  equation  26  and  collecting  terms,  we 


find  that 


3ey[5  -  4 bey  -  5b2ey2]  fad-bey)2  (5+3bcy) 
(1-bey)2  (5+3bcy)  L  2b(l+b<y)2 


=  3ey[5  -  4bcy  -  5b2 ey2] 


4b2  (l+bey)4  (1-bey)2  (5+3bcy)  J 


3/3 


•  (156) 


The  3-Y  inversion  curve  has  a  maximum  when  cy  =  1.40102,  where 


Y  =  2.20101  and  3  =  10.8177. 
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CONDITION  FOR  THERMODYNAMIC  EQUILIBRIUM  BETWEEN  COEXISTING 
PHASES  OF  A  ONE -COMPONENT  SYSTEM 

The  equations  given  so  far  apply  to  any  single  phase.  We  now 
develop  relationships  applicable  only  when  two  phases  are  in 
thermodynamic  equilibrium,  assuming  the  effect  of  a  gravitational 
field  on  the  thermodynamic  functions  is  negligible.  The  equations 
to  be  developed  in  this  section  of  the  report  are  thus  only  strictly 
applicable  to  the  interface  region  between  the  two  phases,  which 
may  be  considered  at  the  same  level  in  a  gravitational  field. 

The  condition  for  thermodynamic  equilibrium  between  coexisting 
phases  of  a  one-component  system  is  that  the  three  quantities  pres¬ 
sure,  temperature,  and  chemical  potential  or  Gibbs  free  energy  must 
be  the  same  in  each  phase . 

In  a  previous  report  ( 2 )  ,  it  is  shown  that  equality  of  pressure 
and  temperature  of  the  coexisting  phases  requires  that 


(157) 


0^  Z.  —  0^3  Z3 


where  the  subscript  1  refers  to  the  gas  phase  and  the  subscript  3 
refers  to  the  liquid  phase. 

Substituting  for  Z  as  given  by  equation  24  in  equation  157, 
we  find 


‘Hd-boi)  Y^d+bcOJ  “3L(l-ba3)  "  Y%  (l+ba3)J  ’ 


(158) 


where  the  subscript  on  Y  has  been  dropped  since  Yx  =  Y3  =  Y- 


■ 

, 

' 
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Equation  158  establishes  the  reduced  temperature  as  a  function 
of  the  reduced  densities  of  the  coexisting  phases  and  can  be  solved 
for  Y  once  0^  and  a3  are  known.  Then  this  value  of  Y  can  be  substi¬ 
tuted  into  either  equation  159 


3 


30^  Y 


1 

L(l-bo'1 ) 


ac*i 

(l+bCKj  ) 


or  equation  160 


(159) 


3 


3a3Y 


1 

_(l-ba3) 


a&3  ~j 

y3fe  (i+ba3)  J 


(160) 


and  the  equilibrium  reduced  pressure^  =  33  =  3  calculated. 

When  the  coexisting  phases  of  a  one-component  system  are  in 
thermodynamic  equilibrium,  we  are  interested  in  the  variables 
,  ot3  ,  3,  and  Y-  We  then  say  we  have  a  four-variable  problem  or 
system.  Among  these  variables,  we  have  equation  158,  which  insures 
that  the  reduced  pressure  and  temperature  will  be  the  same  in  each 
phase,  and  either  equation  159  or  equation  160  for  the  reduced 
pressure . 

With  the  Gibbs  free  energy  being  the  same  in  each  phase,  we 

e 

have  from  equation  73,  for  each  phase 

Zl  +  X1  +  In  =  z3  +  X3  +  In  a3  (161) 

or,  substituting  equations  24  and  36  in  equation  161,  we  have 


(<*i  -cr3) 


~ _ b _ 

_(l-bc*)(l-ba3) 


_ a  _ 

Y3*2  (1+bc*!  )  (l+ba3)_ 


q3(l-b04)  a  .  (1+bQfr  ) 

(l-ba3)  by3'3  (l+bc*3) 


(162) 


Equations  158,  162,  and  either  equation  159  or  equation  160 
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give  a  total  of  three  equations  between  the  four  quantities  ,  cta  , 

3,  and  y.  With  two  phases  in  equilibrium,  a  single  component  system 
is  said,  therefore,  to  have  one  degree  of  freedom. 

Equations  158  and  162  are  the  functional  relationships  between 
0}  and  Oi3  ,  when  vapor  and  liquid  coexist  in  equilibrium  for  a 
Redlich-Kwong  fluid,  as  a  function  of  y.  These  two  equations  must 
be  solved  for  the  equilibrium  reduced  densities  as  a  function  of  the 
reduced  temperature  before  any  of  the  other  two-phase  thermodynamic 
properties  can  be  calculated. 

METHOD  FOR  OBTAINING  THE  SOLUTIONS  OF  THE  FUNCTIONAL  RELATIONSHIPS 
BETWEEN  THE  EQUILIBRIUM  REDUCED  DENSITIES  AND  THE  EQUILIBRIUM 
REDUCED  TEMPERATURE  OF  THE  COEXISTING  PHASES 

Since  the  relationships  given  by  equations  157  and  161,  which 
assume  the  form  as  given  by  equations  158  and  162  for  a  Redlich-Kwong 
fluid,  are  nonlinear  ones,  it  is  necessary  to  solve  them  using  an 
iterative  technique.  We  did  this  in  the  following  way.  The  functions 

9  =  0(ai  ,  a3  ,  Y)  =  ai  Zj_  -  ot3Z3  =  0  (163) 

and 

9  =  9(0^  ,  ct3  ,  y)  =  Zi  -  Z3  +  Xx  -  X3  +  In  ^  =  0  (164) 

were  formed,  a  value  for  y  was  specified,  and  the  problem  then  was 
to  find  values  for  and  a3  that  reduced  0  and  9  to  zero. 

The  method  of  numerical  calculation  of  the  reduced  densities 
of  the  coexisting  phases  involved  expanding  9  and  9  in  a  truncated 
Taylor's  expansion  about  an  approximate  solution,  denoted  by  an 


. 
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asterisk,  and  solving  the  two  equations 


-0*  =  O^.Aa,  +  07"  .Aa3 
a(l)  1  a(3)  3 


and 


-cp*  =  cp*/1NAa,  +  cp*/0vAcr„ 

T  cv(l)  1  a  (3)  3 

for  the  corrections,  Ac^  and  Aas ,  to  be  applied  to  the  initial 
estimates  assumed  in  the  beginning.  In  equations  165  and  166, 


„  30  \ 

<*(D  "  [ML  „  “  21  +  Za(l) 


1  aoi  (Z+bai  ) 

(l-bcO2  "  Y4'2  (l+bc£  )2  ’ 


0 


/  30 

of(3)  =  =  'Z3  '  “3Z 


aa3(2+b<*3) 


a(3)  (l-ba3)2  +  y^(l+ba3)2  ’ 


9, 


cy(1) 


;'$2LS\ 

W  J, 


Y,cr£ 


Z  +  X  /1N  + 
o(l)  cy(l) 


=  z 


1  a(2+boj ) 

a(l)  ”  Qi  ( 1-bCKi  )2  "  Y3^  ( 1+bc^  ) 


+ 


D  5 


and 


9, 


=  ( 


39  ' 


o(3)  \da3  / 


Y,Oi 


_Zo(3)  "  Xcy(3) 


o3 


=  -z 


o(3)  a3  a3(l-bc*3)2  +r^(l+bcy3) 


a(2+ba3) 


The  corrections  Ao^  and  Adi's  >  are  given  by 

Ac*!  =  on  -  («!  )* 

Aar3  -  or3  -  (of3)* 


(165) 


(166) 


(167) 


(168) 


(169) 


•  (170) 


(171) 


(172) 


' 


All  calculations  were  repeated  using  [Ad^  +  (c^  ) ~]  and  [Aas  +  (ai'3)'>] 
for  the  start  of  a  new  iteration.  This  iterative  procedure  was  re¬ 
peated  until  9  =  tp  =  0  to  within  some  predetermined  small  quantity. 

The  method  outlined  in  this  section  was  used  to  solve  equations 
163  and  164  for  the  equilibrium  reduced  densities  of  the  coexisting 
phases  for  0.10  ^  Y  ^  0.9999.  A  parametric  search  technique  (8)  was 
used  to  generate  initial  estimates  for  0^  and  0i3  . 

COEXISTENCE  CURVE  OF  SATURATED  LIQUID  AND  VAPOR  DENSITIES  AND 
VOLUMES  AS  A  FUNCTION  OF  TEMPERATURE 

Table  1  gives  values,  in  reduced  variables,  of  the  densities  of 
saturated  liquid  and  vapor  and  of  the  rectilinear  diameter4 ,  which 


4. 

A  very  thorough  discussion  of  rectilinear  diameter  is  given  in 
reference  20. 


is  just  the  arithmetic  average  density  of  coexisting  liquid  and 
vapor,  as  a  function  of  temperature.  These  data,  illustrated  in 
figure  1,  clearly  show  that  the  slope  of  the  rectilinear  diameter, 


FIGURE  1.  -  Redlich-Kwong  fluid,  saturated  densities  as  a  function 
of  temperature. 


for  a  Redlich-Kwong  fluid,  is  not  zero  at  the  critical  point. 


- 
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TABLE  1.  -  RED 
OF 

LICH-KWONG  FLUID, 
TEMPERATURE 

SATURATED  DENSITIES 

AS  A  FUNCTI 

y  = 

T/Tc 

a  =  p/pc 

Y 

«L 

a,  +  a3 

2 

0 •00000E-99 

0  .  00000  E-00 

3. 84732E-00 

1 .92366E-00 

1  .OOOOOE-O 1 

3. 19688E-45 

3. 79768E-00 

1 .89884E-00 

1  .50000E-01 

4.3  5  545  E-24 

3.75561 E-00 

1 .87780E-00 

2 • OOOOOE-O 1 

2 • 55749E-15 

3.70515E-00 

1.85  257E-00 

2 .50000E-01 

9.57415E-11 

3 . 64702  E-00 

1 .82351E-00 

3  •  OOOOOE-O 1 

5  •  00887E-08 

3. 58155  E -00 

1 .79077E-00 

3  •50000E—0 1 

2.87741 E—06 

3 . 50  882  E-00 

1 .75441E-00 

4 . OOOOOE— 0 1 

4 . 64669  E—0  5 

3.42870E-00 

1 • 7 1437E-00 

4 • 5  OOOOE -0 1 

3  o  42344E— 04 

3 . 34087  E-00 

1 .67060E-00 

5 • OOOOOE-O 1 

1 .51327E-03 

3 • 24479E-00 

1 .62315E-00 

5 . 50000E ”0 1 

4.74144E-03 

3 . 13971 E-00 

1 .57222E-00 

6  a OOOOOE “0 1 

1 .  17179E-02 

3 . 02460E-00 

1 .51816E-00 

6  •  5 OOOOE— 0 1 

2.45197E-02 

2 • 89809E-00 

1 .46130E-00 

7  •  OOOOOE—O 1 

4 . 55903E-02 

2. 75834E-00 

1 .40196E-00 

7.5  OOOOE-O 1 

7 .79320  E-02 

2  o  60  278  E— 00 

1 .34035E-00 

8  •  OOOOOE-O 1 

1 • 25623E-0 1 

2 . 42756E-00 

1 .27659E-00 

8  . 5 OOOOE “0 1 

1 .95020E-01 

2 . 22642  E-00 

1.2 1072  E-00 

9 . OOOOOE-O 1 

2 .97983E-01 

1 . 98745  E-00 

1 . 1427 1 E-00 

9 . 5 OOOOE -0 1 

4.64356E-01 

1 .68067E-00 

1 .07251E-00 

9 . 52000E—0 1 

4  o 73365  E~0 1 

1.66595 E-00 

1 . 06965  E-00 

9  *  54000E "0 1 

4.82647  E-0 1 

1 . 65095  E-00 

1 .06679E-00 

9  •  56000E -0 1 

4 . 922 19E—01 

1 .63565E-00 

1 . 06393E-00 

9.58000E-01 

5 .02102E—01 

1 • 62003  E-00 

1 .06107E-00 

9.60000E-01 

5.12317  E-0 1 

1 .60408E-00 

1 .05820E-00 

9  .62000E-01 

5.22889E-01 

1 . 58776E-00 

1 .05532E-00 

9  •  64000E-0 1 

5 . 3384-7E-0  1 

1. 57104E-00 

1 .05244E-00 

9  .66000E-0 1 

5 . 45222  E-0 1 

1.55391 E-00 

1 .04956E-00 

9 .68000E-0 1 

5.57050E-01 

1.53631 E-00 

1 • 04668E-00 

9 • 70000E -0 1 

5.69376E-01 

1.51 820E-00 

1.0437 9 E-00 

9 . 72000E-0 1 

5 .82248  E—0 1 

1 • 49955E— 00 

1 .04090E-00 

9  •  74000E “0 1 

5 • 9  5725  E“0 1 

1 .48028E-00 

1 .03800E-00 

9.76000E-01 

6  •  09878E-0 1 

1.46032E-00 

1 .03510E-00 

9  .  78000E-0 1 

6 • 24792E-0 1 

1 .43960E-00 

1 .03219E-00 

9 . 80000E-0 1 

6 • 40  572E-0 1 

1 • 41801 E-00 

1 .02929E-00 

9.82000E-01 

6.573  50  E-0 1 

1 . 3  9540  E-00 

1 .02637E-00 

9.84000E-01 

6 . 75297  E—0 1 

1 .37163E-00 

1 .02346E-00 

9.86000E-01 

6 .946  37  E-0 1 

1 . 34645  E-00 

1 .02054E-00 

9  •  88000E-0 1 

7. 15679E-01 

1 • 31956E— 00 

1 .01762E-00 

9.90000E-01 

7.38868  E—0 1 

1.29051 E-00 

1 .01469E-00 

9 • 9  2000E-0 1 

7 • 6488  5  E-0 1 

1 , 25863E-00 

1 .01176E-00 

9  •  94000E— 0 1 

7 .94877  E-0 1 

1 » 22277  E-00 

1 .00882E-00 

9  „  96  OOOE -0 1 

8.31078  E-0 1 

1. 18069E-00 

1 . 005  88E-00 

9 . 98  OOOE  — 0 1 

8.79251 E-0 1 

1 . 1 2664E-00 

1 .00294E-00 

9 . 99000E ”0 1 

9.1 3977  E-0 1 

1 . 088 96 E-00 

1 .00147E-00 

1  .00000E-00 

1.00000  E-00 

1 .00000E-00 

1 .00000E-00 
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FIGURE  I.  —  Rediich-Kwong  Fluid,  Saturated  Densities  as  a 

Function  of  Temperature. 
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Figure  2  illustrates  these  same  data  near  the  critical  point. 


FIGURE  2.  -  Redlich-Kwong  fluid,  saturated  densities  as  a  function 
of  temperature  near  the  critical  point. 


Table  2  gives  values,  in  reduced  variables,  of  the  volumes  and 
of  the  mean  volume  as  a  function  of  temperature.  These  data  are 
illustrated  in  figure  3.  Figure  4  illustrates  these  same  data 


FIGURE  3.  -  Redlich-Kwong  fluid,  saturated  volumes  as  a  function 
of  temperature. 

FIGURE  4.  -  Redlich-Kwong  fluid,  saturated  volumes  as  a  function 
of  temperature  near  the  critical  point. 


near  the  critical  point. 

Comparing  figures  2  and  4,  it  is  obvious  that  the  "symmetry" 
of  the  coexistence  curve  about  the  rectilinear  diameter,  for  a 
Redlich-Kwong  fluid,  is  obscured  using  the  variables  of  volume  and 
temperature. 

Table  3  gives  values  of  the  functions  (l-a^)2  and  (a3-l)2  as  a 
function  of  (1-Y) .  These  data  are  illustrated  over  the  whole  range 


t 


f 


* 
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FIGURE  2.-  Rediich  -  Kwong  Fluidj  Soturofed  Densities  os  □  Func¬ 
tion  of  Temperature  Near  t he  Critical  Point. 
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TABLE  2.  -  RED  L I CH-KWO  NG  FLUID,  SATURATED  VOLUMES  AS  A  FUNCTION 
OF  TEMPERATURE 


V  =  T/Tc  l/oi  =  V/Vc 


_i_ 

X 

1  ,  1 

Y 

<*3 

20i  2a3 

0 .OOOOOE— 99 

+  * 

2. 59921E-01 

+  « 

1 . OOOOOE-O 1 

3. 12804E+44 

2 . 6331 8E-01 

1  •  56402E+44 

1 . 50000E-0 1 

2 • 29  597E  +  2  3 

2 • 66267  E-0 1 

1 . 14798E+23 

2  .  OOOOOE-O 1 

3.91007E+14 

2 . 6  98  94E-0 1 

1 .95503E+14 

2 .50000E-01 

1.04447E+10 

2. 74195 E-01 

5.22  2  39E  +  09 

3  « OOOOOE— 0 I 

1 .99645E+07 

2. 79208E-01 

9 . 98227E+06 

3 • 50000E-0 1 

3.47  534E+0  5 

2  o  84995  E-01 

1 .73767E+05 

4.00000E-01 

2 . 15206E+04 

2. 91655E-01 

1 • 07604E+04 

4.50000E-01 

2.92 1 03  E+03 

2 • 99322  E-0 1 

1 .46066E+03 

5 • OOOOOE-O 1 

6 .60819E+02 

3.08185E-01 

3 . 30564E+02 

5 .50Q00E-0 1 

2. 10906E+02 

3.1 8499  E-0 1 

1 .05612E+02 

6 • OOO  OOE ”0 I 

8.5338  8  E+0 1 

3 . 3062 1 E-01 

4 . 2  8347E  +  0  1 

6*5 OOOOE -0 1 

4. 07835E+0 1 

3 . 45054E-0 1 

2 . 05642  E+0 1 

7 • 00000E-01 

2. 19344E+01 

3 . 62536E-01 

1.1  1485  E+0 1 

7  .  5 OOOOE “0 1 

1.2831 6  E+0 1 

3 • 842  04  E-01 

6.607  94E-00 

8 . OOOOOE-O 1 

7 . 96026E-00 

4. 11935E-01 

4. 18610E-00 

8 .50000E-01 

5 . 12765E-00 

4.49150E-01 

2.78840E-00 

9 • OOOOOE -0 1 

3 . 35589E-00 

5 • 03 1 56E-01 

1 .92952E-00 

9.5  OOOOE -0 1 

2.15351E-00 

5 . 95000E-01 

1 .37425E-00 

9 . 52000E-0 1 

2. 11253E-00 

6.00257E-01 

1 . 35639E-00 

9 • 54000E -0 1 

2.07190  E— 00 

6. 05710 E-01 

1 .33880E-00 

9 . 56000E-0 1 

2.03161 E-00 

6  «  1 1 376E-01 

1 •32149E-00 

9.58000E-0  I 

1 .99162E-00 

6®  17269E  —  01 

1 .30444E-00 

9 . 60000E  ~0 1 

1 .95191E-00 

6 . 23409E-01 

1 .28766E-00 

9.62  OOOE -0 1 

1 .91244E-00 

6. 298 17 E-01 

1 .27113E-00 

9 . 64000E -0 1 

1 .87319E-00 

6 • 365 1 7E—01 

1 .25485E-00 

9. 66 OOOE “01 

1.83411 E-00 

6  o  43  537E-0 1 

1 .23 882 E-00 

9 .680Q0E-0 1 

1 .79516E-00 

6 . 50909E-01 

1 .22303E-00 

9.7  OOOOE“0 1 

1.7  56  30  E-00 

6. 58670E-01 

1 .20748E-00 

9 . 72000E-01 

1 .71748E-00 

6.66865  E-01 

1 .  1 92 17  E-00 

9  a  74000E “0 1 

1 .67862E-00 

6.75547E-01 

1.1 7708E-00 

9 • 76000E-0 1 

1.63967E-00 

6. 84777E-01 

1 .16222E-00 

9 • 78000E—0 1 

1 .6  00  53  E-00 

6 . 94634E-0 1 

1 . 14758E-00 

9 • 80000E-0 1 

1.561 10E-00 

7 . 05213E-01 

1.133 15  E-00 

9  e  82000E— 0 1 

1.521 25E-00 

7 . 1 6636  E-0 1 

1 . 1 18  94E-00 

9 • 84000E— 0 1 

1 .48082E-00 

7 . 2905  9E-01 

1 . 10494E-00 

9 • 86  OOOE -0 1 

1 • 43960  E-00 

7.42693  E-01 

1 .091 14E-00 

9 . 88000E-0 1 

1 .39727E-00 

7 . 57827E-01 

1 . 07755E-00 

9.90000E-01 

1 • 3  5342  E-00 

7 • 74881 E-01 

1 .06415E-00 

9 • 92000E-0 1 

1 .30738E-00 

7 . 945  08E-0 1 

1 .05094E-00 

9  a 94000E-0 1 

1 . 2  5805  E-00 

8.17  809  E-0 1 

1 .03793E-00 

9 • 96000E-0 1 

1 .20325E-00 

8 • 46955E-01 

1 .02510E-00 

9.98000E-01 

1. 13733E-00 

8.87593E-01 

1.0 1246E-00 

9 . 99000E— 0 1 

1 .09411E-00 

9. 18299E— 01 

1 .00620E-00 

1  .  OOOOOE -00 

1 .OOOOOE-OO 

1 .OOOOOE-OO 

1 .OOOOOE-OO 
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Redlfch  -  Kwong  Fluid,  Saturated  Volumes 
f?on  of  Temperature* 


as 


a 


F  unc- 
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FIGURE  4. -  Redlich  -  Kwong  Fluid>  Saturated  Volumes  as  a  Func¬ 
tion  of  Temperature  Near  the  Critical  Point. 


59 


TABLE  3.  -  REDLI CH-KWONG  FLUID,  DENSITY-COEXISTENCE  DATA  AS 
A  FUNCTION  OF  TEMPERATURE 

V  =  T/Tc  ot  =  p/ft, 

(1-Y)  (l-^)2  («3  -  l)3 


1  •  OOOOOE -DO 
9 • OOOOOE-O 1 
8  •  5 OOOOE -0 1 
8 .OOOOOE-O 1 
7.50000E-01 
7 . OOOOOE-O 1 
6 .50000E-01 
6  . OOOOOE-O 1 
5  . 50000E -0 1 
5  •  OOOOOE-O 1 
4 • 5  OOOOE -0 1 

4  » OOOOOE-O 1 
3  •  50000E-0 1 

3  .OOOOOE-O 1 

2  .  5 OOOOE -0 1 
2 •OOOOOE -01 
1 .50000E-01 
1 .00000E-01 

5  .OOOOOE -02 
4 . 80000E-02 
4.60000E-02 
4 .40000E -0  2 
4 .20000E-02 

4  •  00000E-02 
3 .80000E-02 

3  •60000E-02 
3  .40000E -0 2 
3 . 20000E-02 
3 .  00000E-02 
2  •  80000E-02 
2.60000E-02 
2  •40000E-02 
2 .20000E-02 
2 • OOOOOE-O 2 
1 .80000E-02 
1  .60000E-02 

1  .40000E-02 
1 .20000E-02 
1 .0O000E-02 
8 • OOOOOE  —03 
6 .00000E-03 
4.00000E-03 

2  .OOOOOE-O 3 
1 . 00000E-03 
0 .00000E-99 


1 .00000E-00 
1 .00000E-00 

1  . 00000  E-00 
9.99999E-01 
9.99999E-01 
9 • 99999  E-0 1 
9  •  99994E-0 1 
9 • 999  07  E-0 1 
9*9931 5  E-0 1 
9  •  96975 E-0 1 
9.90539E-01 
9,76701 E-0 1 
9,51561 E-0 1 
9.108  97  E-0 1 
8 , 50 209E-0 1 
7.64533  E-0 1 
6.47991E-01 
4. 92827E-0 1 
2.8691 3  E— 0 1 
2,773  43  E-0 1 

2  •  67653E-0 1 
2 . 57840  E-0 1 
2 . 4790 1 E-0 1 
2 • 37834E-0 1 
2.27634E-01 
2.1 7298E-0 1 
2.068  22  E-0 1 
1 .96203E-01 
1 .85436E-01 
1.7451 6  E-0 1 
1 .63437E-01 
1 . 52194E-01 
1 .40780E-01 
1 .29188E-01 
1 . 17408E-01 
1 • 0543 1 E-0 1 
9 • 32464E-02 
8.08381 E-02 

6.8  1896E-02 
5 . 52786E-02 
4.20751 E-02 

2 . 8  5344E-02 
1 .45802E-02 
7 • 39984E-03 
0 .00000E-99 


8 . 1 07  24E-00 
7.827  03E-00 
7  •  59341 E-00 
7 .31787E-00 
7 . 0067  5  E-00 
6 . 66444E-00 
6 • 2942  0E-00 
5.89861 E-00 
5.47  968E-00 
5.03911 E-00 
4 . 57839E-00 
4 . 09902  E-00 
3 • 60276E-00 
3.0917  8  E-00 
2 . 56890E-00 
2 .0379 3 E-00 
1 . 5041 1 E-00 
9 .75066E-01 
4 . 633 1 4E-0 1 
4 . 43492E-0 1 
4. 2 3 73 9 E-0 1 
4 . 04056E-0 1 
3. 84447 E ~01 
3 • 649 16E-0 1 
3.45464E— 01 
3.26097E-01 
3.068 1 8E-0 1 
2*87631 E-0 1 
2 . 68540E-0 1 
2 .49552  E~01 
2.30670E-01 
2 . 11901E-01 
1 .93253E-01 
1 . 74732E-01 
1 .56347E-01 
1 .38109E-01 
1 .20028E-01 
1 .02120E-01 
8 .44013E-02 
6.68  945  E~02 
4 . 96300E-02 
3 . 26524E-02 
1 .60381E-02 
7.91 564E-03 
0.00000E-99 


. 


■ 
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of  variables  in  figure  5. 


FIGURE  5.  -  Redlich-Kwong  fluid,  density-coexistence  data  as  a 
function  of  temperature. 


For  an  analytical  fluid  sufficiently  close  to  the  critical 


point,  Barieau  (3)  shows  that 


In  equation  173,  we  have  from  equation  50  or  equation  52 


CW  J 


(Z+YZy)  +  aCZ^+YZ^) 


a 


■  A  - 


(173) 


(174) 


and  differentiating  equation  52  twice,  we  have 


,d2P  , 

P  =  ~  [3Z  +  otZ  ] 

o toot  \oc r  /,  ze  L  orac  aaor 

Y  c 


(175) 


Substituting  equations  23,  24,  28,  29,  and  31  in  equation  174, 


8  =3 

on 


1  ag(2+bcr)  j 

_(l-b0f)3  2Y5S(l+bo03J 


(176) 


Substituting  equations  23,  30,  and  33  in  equation  175,  we  find  that 


p  =  18bY 

ototot 


b  a  7 

_  (1-bor)4  Y3^  "(1+ba)4  J 


(177) 


At  the  critical  point, 


<V‘  •p 


(Zy  +  Zay)c  *p  • 


=  8.21592 


(178) 


and 


' 
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(1-7  ) 


Redlfch- Kwong  Fluid,  Density -Coexistence 
a  Function  of  Temperature. 


Data 


a  s 
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^CK*oPc  #p  * 


^3Zq tot  +  Z<xx?c  -p  • 


=  6.43472 


(179) 


Therefore,  sufficiently  close  to  the  critical  point,  we  have  for  a 
Redlich-Kwong  fluid,  from  equations  173,  178,  and  179, 

(a-1)2  =  7.66086(1-Y)  .  (180) 


When  Edwards  and  Woodbury  (14)  originally  treated  their  den¬ 
sities  of  saturated  He4  gas  and  liquid  along  the  coexistence  curve 
near  the  critical  temperature  of  He  on  the  1958  He  scale  of 
temperatures  (j>)  ,  using  a  modification  and  extension  of  Landau  and 
Lifshitz's  ( 17)  theory  of  the  properties  of  analytical  fluid  near 
the  critical  point,  they  used  the  variables  of  volume  and  tempera¬ 
ture.  Table  4  gives  values  of  the  variables,  for  a  Redlich-Kwong 
fluid,  used  by  Edwards  and  Woodbury.  These  variables  are 


^  and 


Qtr 


as  a  function  of  (1-Y) .  These  data  are  illus¬ 


trated  in  figure  6. 


FIGURE  6.  -  Redlich-Kwong  fluid,  volume-coexistence  data  as  a 
function  of  temperature. 


Recently  Tisza  and  Chase  (24)  reexamined  the  data  of  Edwards 
and  Woodbury  and  showed  that  the  use  of  the  variables  density  and 
temperature  leads  to  functions  that  are  more  linear  and  more  coin¬ 
cident  in  the  critical  region  than  when  "...  the  traditionally 


■ 


TABLE  4. 


RED  LI CH-KWGNG  FLUID,  VOLUME-COEXISTENCE  DATA  AS 
A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


Hot  =  V/Vc 


(1-Y) 


1 •00000E-00 
9 • OOOOOE-O 1 
8 . 50000E -0 1 
8 • OOOOOE-O 1 
7 • 50000E-01 
7 • OOOOOE-O 1 
6 • 5  OOOOE -0 1 
6 . OOOOOE-O 1 
5 •50000E—0 1 
5 •OOOOOE-O 1 

4 . 5  OOOOE -0 1 
4 • OOOOOE-O 1 
3.50000E-01 
3 • OOOOOE-O 1 
2 .50000E-01 

2  , OOOOOE-O 1 
I ,5 OOOOE “01 
1 .00000E-01 
5 .OOOOOE-O  2 
4 • 80000E-02 
4  .60000E -02 
4.40000E-02 
4.20000E-02 
4 • 00000E-02 
3 .80000E-02 

3  . 60000E-02 
3 .40000E-02 
3 • 20000E-02 
3 .00000E-02 
2 • 80000E -02 

2 .6  OOOOE  ~0  2 
2 .40000E-02 
2 .20000E-02 
2 . 00000E-02 
1 .80000E-02 
1 .60000E-02 
1 .40000E-02 
I . 20000E-02 
1 .OOOOOE-O  2 
8  . 00000E-03 
6,0000 OE -03 
4 , 000  OOE  — 0  3 
2 • 0O000E-03 
1 .00000E-03 
0 • 00000E-99 


+  » 

9 . 7846  8  E  +  88 
5 • 27 149  E+46 
1 . 52886E+29 
1 .09093E+20 
3 . 98583  E  +  14 
1 .20779E+H 
4 • 63095  E+08 
8 .52658E+06 
4, 35362  E+05 
4.40  60  5  E  +  04 
7.1 1304E+03 
1 . 58  272  E  +  03 
4. 38252E+02 
1 .39988E+02 
4 . 84453E+0  1 
1 .70375E+01 
5.55021 E-00 
1 .33060E-00 
1 .23772E-00 
1 . 14898E-00 
1 .06422E-00 
9.83320  E-0 1 
9.061 40  E-Q  1 
8 . 32  562E-0 1 
7 • 62468  E-0 1 
6 .95747E-0  1 
6 . 32292  E-0  1 
5.72001 E-0  1 
5. 14778E-01 
4  0  60  532  E-0 1 
4. 09179 E -01 
3.60639E-01 
3 . 148  3  8  E-0 1 
2.71 710E-0 1 
2 . 3 1 1 97  E-0 1 
1 .93248E-01 
1 .57826E-01 
1 .24906E-01 
9 , 448  53  E-0  2 
6 • 65923  E-02 
4 . 1312  8  E-0  2 
1 .88599E-02 
8.85832  E-0  3 
0 .00000E-99 


i 

! 

1 _ 

2 

L  or3  J 

5, 

47716E 

-01 

5. 

426  99  E 

-01 

5. 

,  3  8362  E 

-01 

5. 

33054E 

-01 

5. 

26791 E 

-01 

5  . 

19540E 

-01 

5 . 1 1 23 1 E 

-01 

5 , 

01752E 

-01 

4, 

,  9  0  9  4  8  E 

-01 

4 « 

78607E 

-01 

4 . 

64442  E 

-01 

4 « 

48067E 

-01 

4. 

28954E 

-01 

4 . 

06360E 

-01 

3. 

7  9204E 

-01 

3  • 

45  8 1 9  E 

-01 

3. 

03434E 

-01 

2  . 

46853  E 

—  01 

1 .64024E 

-01 

1 . 

59794E 

-01 

1 .55463E 

-01 

1. 

5 1  0  2  8  E 

-01 

1 .46482E 

-0  1 

1, 

4 1  8  2  0  E 

-01 

1 .37035E 

-01 

1  , 

3  2 1 1 9  E 

-01 

1 .27065E 

-01 

1  , 

21864E 

-01 

14  16505E 

-01 

-L  •« 

>109786 

-01 

1 

05269E 

-0  1 

9. 

,  93651 E 

-02 

9 . 3  248  0  E 

-02 

8  . 

68990E 

-02 

8 . 02950E 

-02 

7. 

34087E 

-02 

6 .62068E 

-02 

5, 

86477E 

-02 

5 . 0678 1 E 

-02 

4'  a 

,  22267E 

-02 

3.31932E 

-02 

2  « 

34226E 

-02 

1 .26352E 

-02 

6  . 

67504E 

-03 

0. OOOOOE 

-99 

.  ' 

. 
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(I -y) 

FIGURE  6.  —  Rediich-K wong  Fluid,  Volume- Coexistence  Data  as 

a  Function  of  Temperature. 
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favored  independent  variables  (i.e.,  volume  and  temperature)  are 
used"  (24)  . 

Figures  7  and  8  illustrate  the  same  data  shown  in  figures  5 


FIGURE  7.  -  Redlich-Kwong  fluid,  density-coexistence  data  as  a 
function  of  temperature  near  the  critical  point. 
FIGURE  8.  -  Redlich-Kwong  fluid,  volume-coexistence  data  as  a 
function  of  temperature  near  the  critical  point. 


and  6  near  the  critical  point.  Comparing  figures  7  and  8,  we  see 
that  Tisza  and  Chase's  discovery  is  predicted  by  the  Redlich-Kwong 
equation  of  state. 

Still  more  recently,  Edwards  (9,  11)  reexamined  his  original 
data  on  He4  using  the  Buckingham  variable  (7 ) 

x  =  £3 iSL.ssca.  .  (18 

P3+Pi  or3+c«i 

Edwards  (9,  11)  presents  graphs  of  the  temperature  dependence 
of  X2  and  X3  for  He4  over  the  whole  temperature  range  of  his  experi¬ 
mental  measurements  (10,  12-14) .  Table  5  gives  values  of  I2 ,  X3  ,  and 
X2 

1-lnX  as  a  funct*-on  °f  Y  for  a  Redlich-Kwong  fluid.  These  same 
data  are  illustrated  in  figure  9. 


FIGURE  9.  -  Redlich-Kwong  fluid,  coexistence  data  as  a  function 
of  temperature. 
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(l-y) 

FIGURE  7.  —  Redlich-Kwong  Fluid,  Density— Coexistence  Data 

as  o  Function  of  Temperature  Near  the  Critical 
Point. 
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FiGURE  8.-  Rediich-K wong  Fluid,  Volume  — Coexistence  Data 

as  a  Function  of  Temperature  Near  the  Critical 
Point. 


68 


TABLE  5.  -  RED  L I CH-KWO  NG  FLUID,  COEXISTENCE  DATA  AS  A  FUNCTION  OF 
TEMPERATURE 


Y 

=  T/T  X  =  — 3  — 

7  c  P3+Pi 

n 

Q 

II 

p/pc 

Y 

XX 

1  -  In  X 

P 

0  .OOOOOE-99 

1 .00000E-00 

1 .00000E-00 

1 .00000E-00 

1 .OOOOOE-O 1 

1 . 00000  E-00 

1 .00000E-00 

1 .00000E-00 

1 .50000E-01 

1 .00000E-00 

1 .00000E-00 

1 .OOOOOE-OO 

2 • OOOOOE -0 1 

9 . 99999  E-0 1 

9.99999E-01 

9 . 99  999E— 0 1 

2  » 50000E -0 1 

9 .99999  E-0 1 

9.99999E-01 

9 . 99999 E-0 1 

3. OOOOOE -01 

9.99999  E-0  1 

9.99999E-01 

9 . 99999E-0 1 

3 . 50000E -0 1 

9 • 99996E-0 1 

9. 99995E-01 

9 . 99995  E-0 1 

4 • OOOOOE-O 1 

9 . 99945  E-0 1 

9 • 9991 8E-01 

9.99918E-01 

4 . 5  OOOOE -0  1 

9 • 99  590  E-0 1 

9 • 993  85  E-0 1 

9.993  8  5  E-0 1 

5 • OOOOOE-O 1 

9.98 136E-0 1 

9 • 97206E-01 

9 .97205  E— 0 1 

5 .50000E-0I 

9.93977E-01 

9. 90984E-01 

9.90980E-01 

6 • OOOOOE-O 1 

9 .84622E-01 

9.77051E-01 

9.7  7022  E-0 1 

6 • 50000E -0 1 

9.66  722  E-0 1 

9. 50636E-01 

9 . 505  02  E-0 1 

7 • OOOOOE-O 1 

9 . 360 1 9  E-0 1 

9 • 06066  E-0 1 

9 . 0558 1E-0  1 

7 • 5  OOOOE -0 1 

8 . 87095  E-0 1 

8.36959E-01 

8.355 16E-01 

8 • OOOOOE— 0 1 

8 . 12872E-01 

7. 36570E-01 

7 .32881E-01 

8 • 5  OOOOE  —0 1 

7  « 0 3789 E-0 1 

5  «  98645  E-0 1 

5 . 9042 4 E-0 1 

9 • OOOOOE-O 1 

5 • 46465  E-0 1 

4. 19666E-01 

4 . 03965  E-0 1 

9 . 50000E ”0 1 

3.21533  E-0 1 

2.051 47  E-0 1 

1 .82322E-01 

9.52000E-01 

3. 10763  E-0 1 

1.961 44E-0 1 

1 .73238E-01 

9 , 54000E “0 1 

2.99838  E-0 1 

1 . 87 134E-01 

1 .64183E-01 

9.56000E-01 

2.88755  E-0 1 

1 .78124E-01 

1 .55165E-01 

9.58000E-01 

2.77514E-01 

1. 69118 E-01 

1 .46193E-01 

9 . 6  OOOOE -0 1 

2. 661 10 E-0 1 

1.601 22E-01 

1 .37275E-0 1 

9.62  OOOE  — 0 1 

2. 54543 E-0 1 

1.51141 E-0 1 

1 .28423E-01 

9 . 64000E “0 1 

2 . 42809E-0 1 

1.4218 1 E-01 

1.1 9645 E-01 

9.66000E-01 

2 . 30905E-0 1 

1 . 33250E-0 1 

1.10956E-01 

9.68000E-01 

2 . 18830E-01 

1.24354E-01 

1 .02367E-01 

9 . 70000E -0 1 

2.06581 E— 0 1 

1 . 15503E-01 

9 . 38936E-02 

9. 72000E-01 

1 .94154E-01 

1.06704E-01 

8 .555 04 E-0 2 

9 • 74000E -0 1 

1. 8 1548 E-0 1 

9.7  9694E-02 

7  » 73552E-02 

9 • 76  OOOE  ~0 1 

1 .68760E-01 

8. 93082E-02 

6 . 93274E— 0 2 

9.78  OOOE -0 1 

1.55  7  86  E— 0 1 

8.07337E-02 

6 . 14886E-02 

9 • 8 OOOOE -0 1 

1 .42624E-01 

7. 22601E-02 

5 .38632E-02 

9 • 82000E-0 1 

1 • 29272E-0 1 

6 • 39037  E-02 

4 . 64790E-02 

9 • 84000E -0 1 

1. 15725E-01 

5 • 56836E— 02 

3 . 93680E-0  2 

9 . 86 OOOE -0 1 

1.0198  2  E-0 1 

4.76222  E-02 

3 . 25675E-02 

9 • 88000E-Q 1 

8 • 8038  6E-02 

3 • 97467E-02 

2.61222E-02 

9 . 90000E -0 1 

7.38920E-02 

3. 20910E-02 

2 . 0086  IE— 02 

9 • 92000E-0 I 

5 • 95393E-02 

2 • 46993E-02 

1 .45280E-02 

9 • 94000E -0 1 

4.49770E-02 

1 . 76325  E-02 

9 . 53  864E-03 

9 • 96000E -0 1 

3 . 020 19  E-02 

1 .09828E-02 

5 . 24872E-03 

9. 98 OOOE -01 

1.52 107E-02 

4.91800E-03 

1 .87597E-03 

9 • 99000E -0 1 

7.63305E-03 

2. 22043E-03 

6 . 66  879E-04 

1 . OOOOOE -00 

0. 00000E-99 

0 .00000E-99 

0. 00000E-99 

' 
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FIGURE  9.  Redlich-  Kwong  Fluid,  Coexistence  Data  as  a  Function  of 

Temperature. 
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Edwards  also  presents  graphs  for  He4  of  ,  X3  ,  and  — 


within  250  millidegrees  of  the  critical  temperature  of  He  . 


Figure  10  presents  similar  graphs  of  these  same  function^  for  a 


FIGURE  10.  -  Redlich-Kwong  fluid,  coexistence  data  as  a  function 
of  temperature  near  the  critical  point. 


Redlich-Kwong  fluid  above  0.95TC. 

Figures  9  and  10  show  that  when  the  equations  for  a  Redlich- 

Xs 

Kwong  fluid  are  solved  exactly:  the  functions  X3  and  ~  '?'ny-  are  not 
linear  in  T  above  about  0.98TC  although  they  are  nearly  linear 
between  0.90TC  and  0.98TC;  the  function  X2  is  linear  in  T  only  above 
about  0 . 995T-  . 


COEXISTENCE  CURVE  OF  SATURATED  LIQUID  AND  VAPOR  DENSITIES 

AS  A  FUNCTION  OF  PRESSURE 

Numerous  investigators  (3-4,  9,  _1JL ,  14-16 ,  19 ,  22-24)'  in  their 
studies  of  coexistence  curves  of  vapor- liquid  systems  use  temperature 
as  the  independent  variable.  Barieau  (5)  has  suggested,  from  the  re¬ 
sults  of  calculations  he  carried  out  on  a  van  der  Waals  fluid,  that  in 
testing  coexistence  curves  for  classical  behavior,  it  might  be  better 
to  examine  such  curves  using  pressure  as  the  independent  variable. 

For  an  analytical  fluid  in  the  critical  region,  a  third-order 
expansion  of  p  =  (3-1)  ,  written  as  a  double  Taylor  expansion  in 
Cl  =  (a-1)  and  t  =  (Y-l)  about  its  value  at  the  critical  point, 
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a,  -  a, 

^7 


a  =  ?//>c 

y  --  T/T, 


JURE  I  0.  — Redlich-Kwong  Fluid,  Coexistence 
tion  of  Temperature  Near  the 
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assumes  the  form 

O-D  =  tOY).  .p  .  +  st(yc  .  +  a*  (8^/6)  c  . 

+  taOYY/2)c.P.  +«2t(Pw/2)c.,.  +a4(Ptw'24)=-f-  •  (182) 

In  equation  182,  we  have  from  differentiating  equations  174  and  175 


,d3  2 (Z  +YZ  J)  +  a(z  +YZ  _,) 

Q  /  Q'Y  \  /  Y\  a  otY  otot  aaflr 

13  w  =  =  Urv - x  ;  (183) 


p  =  (pm)  .  _L  [4Z 

aac**  \oa  /  Zc  L 


aero 


+  az  ] 


aow 


(184) 


For  a  Redlich-Kwong  fluid,  from  equations  28,  30,  31,  and  34, 


we  f  ind 


2b 


ft  -  ft  4-  ^ 

PCK*Y  l(l-ba)3  (1+ba) 


(185) 


and  from  equations  33  and  35,  we  find 

o  p  ^  b  a 

~  72b  Y_(l-ba)5  ”  Y%  (1+ba)5 


■] 


(186) 


At  the  critical  point, 


^oqY^c  -p  • 


(2ZtfY  +  Zcrc*Y)o  *p  • 


=  5.77098  ; 


(187) 


(3  )c  p  = 

CKyacr 0  -p  • 


(4Z  +  Z  )e  p 

v  ontot  ototcta'0  *p 


=  3.72976 


(188) 


Therefore,  sufficiently  close  to  the  critical  point  we  have 


from  equations  173  and  182 , 

,2  _  6(f'ct/"'aaa 
(3y)c  .P 


(<*-l)2  = 


6(3„v/3 _ )0  .p . 


(1-3) 


(189) 


For  a  Redlich-Kwong  fluid,  we  have,  sufficiently  close  to  the 
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critical  point,  from  equations  51,  178,  179,  and  189, 

(a- l)2  =  1.372808(1-3)  .  (190) 

X5 

Table  6  gives  values  of  the  functions  X2  ,  X3  ,  and  Y~ix\X  as  a 
function  of  3.  These  same  data  are  illustrated  in  figures  11  and  12. 


FIGURE  11.  -  Redlich-Kwong  fluid,  coexistence  data  as  a  function 
of  pressure . 

FIGURE  12.  -  Redlich-Kwong  fluid,  coexistence  data  as  a  function 
of  pressure  near  the  critical  point. 


A  comparison  of  figures  9-12  clearly  shows  that  the  function 
X2  ,  for  a  Redlich-Kwong  fluid,  is  more  linear  when  plotted  as  a 
function  of  3  rather  than  Y. 

VAPOR  PRESSURE  CURVE 

Values  of  the  reduced  pressure  as  a  function  of  the  reduced 
temperature  are  listed  in  table  7  and  are  illustrated  in  figure  13. 


FIGURE  13.  -  Redlich-Kwong  fluid,  vapor  pressure  data  as  a  function 
of  temperature . 


These  same  data,  near  the  critical  point,  are  illustrated  in 
figure  14. 


FIGURE  14.  -  Redlich-Kwong  fluid,  vapor  pressure  data  as  a  function 
of  temperature  near  the  critical  point. 
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TABLE  6.  -  REDLI CH-KWONG  FLUID, 

COEXISTENCE  DATA  AS 

A  FUNCTION 

PRESSURE 

3 

-  P/Pe  X  - 

P3+Pl 

-  ,  01  -  p/p 

^3+^1  ^  ^ 

c 

3 

JP 

I8 

1  -  tn  X 

2s 

0  . OOOOOE -99 

1 .00000E-00 

1 .00000E-00 

1 .00000E-00 

9  •  59064E— 46 

1 .00000E-00 

1 . 00000E-00 

1 .OOOOOE-OO 

1 .95995E-24 

1 . 00000  E-00 

1 .00000E-00 

1 .00000E-00 

I  •  53449E-15 

9 • 99999  E—0 1 

9.99999E-01 

9 . 99999E-0  1 

7. 18061E-1I 

9 • 99999  E-0 1 

9 . 99999  E-0 1 

9 • 99999  E-0 1 

4 • 5  0798E -08 

9 • 99999  E-0 1 

9. 99999E-01 

9 . 99999E-0 1 

3.02 123E-06 

9 • 99996E-0 1 

9.99995E-01 

9 . 99995  E-0 1 

5.5  7479E-05 

9 . 99945  E“0 1 

9.9991 8E— 0 1 

9 . 999 18E-0 1 

4.61534E-04 

9 . 99590E-01 

9.99385 E-01 

9 • 993  85  E-0 1 

2  •  25834E-03 

9.981 3  6E-0 1 

9. 97206E-01 

9.97  205  E-0 1 

7.71655E-03 

9.93977E-01 

9.90984E-01 

9.90980E-01 

2 . 0476 8E-02 

9 . 84622E— 0 1 

9 . 7705 1 E-01 

9 . 77022  E-0  1 

4 . 52692E-02 

9 .66722E-01 

9 • 50636E-0 1 

9 . 505  02  E-0 1 

8 • 744 19E-02 

9 . 360 19  E-0  1 

9 . 06066E— 01 

9.05581 E-0 1 

1 .52527E-01 

8.87095E— 01 

8.36959E-01 

8.355 16E-0 1 

2 .45938E-01 

8 . 12872E-01 

7 • 36570E-01 

7.3288  1E-0  1 

3.72  80  2E-0 1 

7.03789E-01 

5 . 98645  E-0  1 

5. 9042 4 E-01 

5.37888E-01 

5 • 46465  E-0 1 

4. 19666 E— 01 

4 . 03965  E-0 1 

7.45600E-01 

3.21533  E-0 1 

2.05147E-01 

1 .82322E-01 

7.54853E-01 

3. 10763E-01 

1. 96144E-01 

1 .73238E-0 1 

7.64182E-01 

2.998  38  E-0 1 

1 . 87134E-01 

1 .64183E-01 

7.735  86E-0 1 

2 . 88755E-01 

1 .78124E-01 

1 .55165E-01 

7.83065E-01 

2  »  77  5 14E-0 1 

1 .691 18E-01 

1 .46 193 E-01 

7 . 926  20E-0 1 

2.661 1 OE-O 1 

1 . 60122E-01 

1 .37275E-01 

8.02251E-01 

2 . 54543  E-0 1 

1.51141 E-01 

1 . 28423E-0 1 

8.  I1958E-01 

2 • 42809  E-0 1 

1 .42181E-01 

1 . 19645E-01 

8 .2 1742E-0  1 

2 . 30905E-0 1 

1 . 33250E-0 1 

1 . 1 09 56 E-0 1 

8 .31602E-01 

2 . 18830E-0 1 

1.24354E-01 

1 .02367E-01 

8 .41 540E -0  1 

2.06581 E-0 1 

1.15503  E-01 

9 . 38936E-02 

8.5 1555E-0 1 

1 .94154E-01 

1 .06704E-01 

8 . 55504E-02 

8 .6 1647E-01 

1.81 548  E“0 1 

9.7  9694  E-02 

7 . 73552E-02 

8.718 16E-01 

1 .68760E-01 

8.93082E-02 

6.93274E-02 

8.82064E-01 

1.55786E-01 

8. 0733 7 E-02 

6. 14886E-02 

8 • 92390E-0 1 

1 .42624E-01 

7 . 2260 1 E-02 

5 . 38632E-02 

9.02794E-01 

1 • 29272E—01 

6 • 39037  E-02 

4 . 64790E-02 

9. 13277E-01 

1.15725  E-0 1 

5.56836E-02 

3 . 93680E-02 

9.23839E-01 

1.0.1982E-01 

4. 76222  E-02 

3 . 2  5675  E-02 

9.34480E-01 

8 . 80386E-02 

3 • 9746  7E-02 

2.6 1222E-02 

9 .45200E-0 1 

7.38920  E-02 

3 • 20910E-02 

2 • 0086  IE-02 

9.56000E-01 

5  •  95393E-02 

2 • 46993  E-02 

1 .45280E-02 

9 .66  879E “0 1 

4. 49770E-02 

1.76325E-02 

9 • 53  864E-03 

9 • 77839E-01 

3 • 02019E-02 

1 .09828E-02 

5 . 24872  E-03 

9.88879E-01 

1 • 52 1 07  E-0  2 

4. 91 800E-03 

1 .87597E-03 

9.94429E-01 

7 .63305E-03 

2. 22043E-03 

6 .66  87  9E-04 

1  .00000E-00 

0.00000E-99 

0.00 000 E-99 

0 . 00000E-99 

■ 


- 
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FIGURE  1 1.  -  Redlich -  Kwong  Fluid,  Coexistence  Data  as  a  Function  of 
Pressure^ 
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_* — Limiting  slope 


a  =  p/pc 
Q--  P/Pc 


0 

iURE  12.  -  Redlich -Kwong  Fluid,  Coexistence  Data  as  a  Function  of 
Pressure  Near  the  Critical  Point. 
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TABLE  7. 


-  RED  LI CH-KWONG  FLUID, 
TEMPERATURE 


VAPOR  PRESSURE  DATA 


AS  A  FUNCTION  OF 


Y  =  T/Tc 


3  =  P/Pc 


Y 


3 


0.00000E-99 
I • OOOOOE-O 1 
1.50000E-01 
2 .OOOOOE-O I 
2.50000E-01 
3 .OOOOOE-O 1 
3.50000E-01 
4.00000E-01 

4 . 5  OOOOE -0 1 
5 .OOOOOE-O 1 
5 .50000E-01 
6 •OOOOOE-O 1 
6 . 50000E-01 
7 .OOOOOE-O 1 
7 •50000E-01 
8. OOOOOE-O 1 
8 • 50000E-01 
9 .OOOOOE-O 1 

9 . 5  OOOOE-0 1 

9.5  2000E -0 1 
9 . 54000E -0 1 
9 . 56000E-0 1 
9.58000E-01 
9.60000E-01 

9.6  2000E-01 
9.64000E-01 
9.66000E-01 
9.68000E-01 
9 . 70000E-0 1 
9 . 72000E -0 1 
9 . 74000E -0 1 
9.76000E-01 
9.78000E-01 
9. 8 OOOOE -01 
9.82000E-01 
9 . 84000E -0 1 
9.86000E-01 
9.88000E-01 
9 . 90000E-0 1 
9  «  92000E-0 1 
9 • 94000E-0 1 
9.96000E-01 
9 • 98000E -0 1 
9. 9900 OE -01 
1 .00000E-00 


0 . 00000E-99 
9 . 59064E-46 
1 .95995E-24 
1 .53449E-15 
7 .18061 E— 1 1 
4 • 5  0798  E— 08 
3.02 1 23  E-06 
5 . 57479E-05 
4.61 534E-04 
2 . 25834E-03 
7 .71655E-03 
2 . 04768E-02 
4 • 52692E-02 
8 . 7441 9E-02 
1 .52527E-01 
2 . 45938E-0 1 
3 .72802E-01 
5 • 3788  8  E-0 1 
7.45600E-01 
7 .548  53  E-0 1 
7.641 82  E-0 1 
7 . 73 586 E-0 1 
7 . 83  065  E-0 1 
7 . 9262  OE-O 1 
8.02251E-01 
8 . 11958E-01 
8.21 742  E-0 1 
8.3 1 602  E-0 1 
8.41 540E-0 1 
8.51 555  E-0 1 
8.6 1 647E-0 1 
8.71816E-01 
8  •  82 064E-0 1 
8.92390E-01 
9 . 02794E-0 1 
9. 13277E-01 
9 . 23839E-01 
9 . 34480E— 0 1 
9.45200E-01 
9 . 56000E-0 1 
9 . 66  879E-0 1 
9.77839E-01 
9.8887  9E-0 1 
9 • 9442  9  E-0 1 
1 . 00000  E-00 


0 

9 

8 

.7 

6 

5 

4 

3 

2 

,1 

0 
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>9  =  P/  Pc 
r  =  T/Tc 


0.2  0.4 


;ure 


0.6  0.8  1.0 


13.-  Redlich  -  Kwong  Fluid,  Vapor  Pressure  Data  as  a  Func¬ 
tion  of  Temperature. 
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FIGURE  14.-  Redlich- Kwong  Fluid,  Vapor  Pressure  Data  as  a 

Function  of  Temperature  Near  the  Critical  Point. 
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Values  of  as  a  function  of  “  are  given  in  table  8  and  are 
illustrated  in  figure  15.  These  same  data,  near  the  critical  point, 


FIGURE  15.  -  Redlich-Kwong  fluid,  logarithm  of  the  pressure  as  a 
function  of  reciprocal  temperature. 


are  illustrated  in  figure  16. 


FIGURE  16.  -  Redlich-Kwong  fluid,  logarithm  of  the  pressure  as  a 
function  of  reciprocal  temperature  near  the  critical 
point . 


SATURATED  COMPRESSIBILITY  FACTORS 
Table  9  lists  values  of  the  saturated  compressibility  factors 
as  a  function  of  the  reduced  temperature.  These  data  are  illustrated 
in  figure  17.  These  same  data,  near  the  critical  point,  are 


FIGURE  17.  -  Redlich-Kwong  fluid,  saturated  compressibility 
factors  as  a  function  of  temperature. 


illustrated  in  figure  18. 


FIGURE  18.  -  Redlich-Kwong  fluid,  saturated  compressibility  factors 
as  a  function  of  temperature  near  the  critical  point. 
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TABLE  8.  -  REDLI CH-KWONG  FLUID,  LOGARITHM  OF  THE  PRESSURE  AS  A 
FUNCTION  OF  RECIPROCAL  TEMPERATURE 


Y  =  T/Tc  0  -  P/Pc 


1/Y 

Zr\  0 

+  oe 

_  00 

1 •OOOOOE+Ol 

-1 .03658E+02 

6 • 6  66  66  E “00 

-5.45891E+01 

5 .00000E-00 

-3 . 41 1 05  E+0 1 

4 • OOOOOE “00 

-2 . 33570E+01 

3.33333E-00 

-1 .69148E+01 

2.85714E-00 

- 1 . 27098 E  +  0 1 

2 • 50000E-00 

-9 . 79467  E~00 

2. 22222E-00 

—7 . 6  8  095  E-00 

2 .00000E-00 

-6.0931 2E-00 

1.818 18E-00 

~4 . 8643  8  E-00 

1 .66666E-00 

-3. 88845E-00 

1 .53846E-00 

-3.09512E-00 

1.42857E— 00 

-2 . 43  677  E-00 

1.33333E-00 

-1 . 88041E-00 

1.25000E-00 

-1 .40267E-00 

1. 17647E-00 

-9. 86707E-01 

1.1111 IE-00 

-6 » 20104E-01 

1 .05263E-00 

-2 . 935 66 E-0 1 

1 .05042E-00 

“2.81231 E-01 

1.04821E-00 

-2.68949E-01 

1 • 0460  2E-00 

-2.56718 E-01 

1 .04384E-00 

-2 . 44539E-0 1 

1 .04166E-00 

-2. 32410E-01 

1 . 03950E-00 

-2 . 20333E-01 

1 .03734E-00 

-2 • 08305  E-01 

1.03519E-00 

-1 .96328E-01 

1.03305E-00 

-1 . 84400 E-0 1 

1 • 03092E-00 

-1.72521 E-01 

1.02880E-00 

-1 .60691E-01 

1 .02669E-00 

-1 .48909E-01 

1.02459E-00 

— 1.37175 E-01 

1 .02249E— 00 

-1 . 25490E-01 

1 .02040E-00 

-1.  13851 E-01 

1.01832E-00 

-1  .  02260E-01 

1 .01626E-00 

-9 .071 55  E-02 

1.01419E-00 

-7 . 921 72  E-02 

1.01214E-00 

-6 . 77649E-02 

1.01010E-00 

-5  •  63584E-02 

1 .00806E-00 

“4. 4997  2  E-02 

1 .00603E-00 

-3.36811 E-02 

1.00 40  IE— 00 

-2 . 24097  E-02 

1 .00200E-00 

-1  .  11828E-02 

1 .00100E-00 

-5.58591 E-03 

1 .OOOOOE-OO 

0 . 00000E-99 

0 

I 

2 

3 

4 

5 

6 

7 

8 

tj 
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JURE  15.- 


l/y 

Redlich-Kwong  Fluid,  Logarithm  of  the  Pressure  as  a 
Function  of  Reciprocal  Temperature. 
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FIGURE  I6.~  Redlich  -  Kwong  Fluid,  Logarithm  of  the  Pressure  as  a 

Function  of  Reciprocal  Temperature  Near  the  Critical 
pomt. 
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TABLE  9  6 


Y 


0 .OOOOOE 
1 .OOOOOE 
1 .50000E 
2 .OOOOOE 
2.50000E 
3 .OOOOOE 
3 • 50000E 
4 .OOOOOE 
4.50000E 
5. OOOOOE 
5  « 50000E 
6 . OOOOOE 
6. 50000 E 
7 .OOOOOE 
7 • 50000E 
8 .OOOOOE 
8 .500 00 E 
9 .OOOOOE 
9 . 50000E 
9.52000E 
9.54000E 
9.56000E 
9.58000E 
9 .60000E 
9.62000E 
9 . 64000E 
9.66000E 
9.68000E 
9.70000E 
9.72000E 
9 • 74000E 
9.76000E 
9.78000E 
9.80000E 
9.82000E 
9 • 84000E 
9.86000E 
9.88000E 
9.90000E 
9.92000E 
9 . 94000E 
9 • 96  OOOE 
9.98000E 
9.99000E 
1 .OOOOOE 


RED  L I CH-KWONG 

FLUID,  SATURATED 

COMPRESSIBILITY  FACTORS 

AS  A 

FUNCTION 

OF  TEMPERATURE 

Y  =  T/Te 

Z  =  P/pRT 

99 

1 *  00000  E-00 

0 . 00000  E -99 

01 

1 .00000E-00 

8.417  97  E-46 

01 

1 .00000E-00 

1.1597  IE-24 

01 

9 . 99999  E-0 1 

6 • 902  53  E-16 

01 

9 . 99999  E-0 1 

2.62519E— 11 

01 

9 . 99999  E-0 1 

1 .39851E-08 

01 

9 . 99982  E-0 1 

8 .20036E-07 

01 

9.9977  6  E-0 1 

1 .35493E-05 

01 

9 .98634E-01 

1 .0233 1 E-04 

01 

9  o 9490  6  E-0 1 

4.63993E-04 

01 

9 . 86344E-0 1 

1.48952E-03 

01 

9.70818  E-0 1 

3.7611 6  E-03 

01 

9 .467  89  E-0 1 

8.01043  E-0 3 

■01 

9.13330  E-0 1 

1 .50956E-02 

01 

8 .69857E-01 

2.60451E-02 

•01 

8.15722  E-0  1 

4.22 127E-02 

01 

7 . 49  647  E-0  1 

6.5  6644E-0 2 

•01 

6. 68553E-01 

1 .00237E-01 

01 

5 . 63390  E-0 1 

1 .55660E-01 

•01 

5.58351E-01 

1 .58650E-01 

01 

5 . 532 1 9  E-0 1 

1 .6 1730E-01 

-01 

5 • 4798  7  E-0 1 

1 .64906E-01 

01 

5 . 42648  E-0 1 

1 .68 184E-0 1 

01 

5.3719  6  E-0 1 

1.7 157  IE— 01 

01 

5.31623E-01 

1 . 75076 E-0 1 

•01 

5.2591 8  E-0 1 

1 .787  08  E— 0 1 

01 

5  ®  200  72  E-0 1 

1 . 8247  8  E-0 1 

01 

5 . 1407  2  E-0 1 

1 .86397E-01 

01 

5.0  7905E-01 

1 .90480E-01 

•01 

5.01553  E-0 1 

1.94743 E-0 1 

01 

4 . 94997E-0 1 

1 .99207E-01 

•01 

4 »  88  21 4E-0 1 

2 . 03  8  93  E-0  1 

01 

4.81 1 76E-0 1 

2.0883 1E-0 1 

•01 

4. 73  848  E-0 1 

2 . 1 405  6  E-0 1 

01 

4.661 86  E— 0 1 

2 • 196 1 1E-0 1 

■01 

4.58 132  E-0 1 

2.25553E-01 

01 

4 • 496 14E-0 1 

2.31957E-01 

•01 

4. 40  52  7  E-0  1 

2.3892  5E-0 1 

01 

4. 30725 E-0 1 

2 . 466  05  E-0 1 

•01 

4. 19979  E-0 1 

2 . 55225E-01 

01 

4.079 10  E-0 1 

2.65 165E-0  1 

•01 

3.93772E-01 

2.7717  OE-0 1 

01 

3 • 75645  E-0 1 

2.93160E-01 

■01 

3 . 6303  7  E-0 1 

3 . 04699E-01 

00 

3 . 33333  E-0 1 

3 • 33333  E-0 1 

' 

.0 

.9 

6 

7 

6 

5 

4 

3 

2 

I 
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17.-  Redlich  -  Kwong  Fluid,  Saturated  Compressibility  Factors 
as  a  Function  of  Temperature. 
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FIGURE  I8.~  Rediich-K wong  Fluid,  Soturated  Compressibility  Fac¬ 
tors  as  a  Function  of  Temperature  Near  the  Critical 
Point. 
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Values  of  the  asymptotic  function  of  the  saturated  compressi¬ 
bility  factors  as  a  function  of  temperature  are  listed  in  table 
10.  These  data  are  illustrated,  near  the  critical  point,  in 
figure  19. 


FIGURE  19.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
saturated  compressibility  factors  as  a  function 
of  temperature . 


TEMPERATURE  COEFFICIENT  OF  THE  VAPOR  PRESSURE  CURVE 
In  a  previous  Bureau  report  (5)  ,  it  is  shown  that 


p'  =  &  = 

dY 


<«3  "“l  ) 


a 


*1 


3o  da 

eY  JF 


(191) 


where  3 '  is  the  temperature  coefficient  of  the  vapor  pressure  curve. 
It  follows  from  equation  50  that 

j“3fi  da  da  _  3a  f*  da 

J  PY  a2  j  (l-ba)a  2Y'::  J  (1+ba)  ’ 

«L  «L 


Substituting  equations 
we  have 


3^  In 

L 

36, 


<*  (l-ba3)  2by3fe  '  J  ( l+ba3 )  J  ' 

157,  and  161  in  the  above  expression, 


(192) 


3 


da 
Y  a2 


=  3rz3(«3-^) 

L  a, 


3a  ( lH-bc^  )  i 

2bY3/p  U  ( l+ba3  )  J 


(193) 


< 
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TABLE  10.  ~  REDL I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 

SATURATED  COMPRESSIBILITY  FACTORS  AS  A  FUNCTION 
OF  TEMPERATURE 

Y  =  T/Tc  Z  =  P/pRT 


(1-Y) 


1 .OOOOOE+OO 
9  .OOOOOE— 0 1 
8  *5000 OE -01 
8  * OOOOOE-O 1 
7.50000E-01 
7 .  OOOOOE-O 1 
6 .50000E-01 
6  .OOOOOE-O 1 
5 .50000E-01 
5  •  OOOOOE-O 1 
4  ®  50000E-01 
4 . OOOOOE-O 1 
3.50000E-01 
3. OOOOOE -01 
2 .50000E-01 
2  .OOOOOE-O 1 
1 .50000E-01 
1.00000E-01 
5 • 00000E-02 
4 . 80000E-0  2 
4.60000E-02 
4.40000E-02 
4 . 20000E-02 
4.00000E-02 
3.80000E-02 
3.60000E-02 
3 • 40000E -02 
3®  20000E-02 
3 . OOOOOE -02 
2.80000E-02 
2.60000E-02 
2.40000E-02 
2. 20000E-02 
2 • OOOOOE -02 
1 .80000E-02 
1.60000E-02 
1 .40000E-02 
1 • 20000E-02 
1 .00000E-02 
8.00000E-03 
6 • OOOOOE -03 
4 .  OOOOOE-O  3 
2 . OOOOOE -03 
1  •  OOOOOE-O  3 
0  *  00 000 E -99 


(Zj  -  zc)s 


4.44444E-01 
4  *  44444  E  — 0 1 
4. 44444E— 01 
4. 44444E— 01 
4 . 44444E— 0 1 
4  *  44443  E-0 1 
4 . 444  2 1 E - 0 1 
4 • 441 46 E- 01 
4®  42625E-01 
4 • 37679E-0 1 
4*  26423E-01 
4.06387E-01 
3.7632 8 E-01 
3 • 36396E-01 
2 . 8785  7E-01 
2 . 32  699  E- 0 1 
1.73317E-01 

1  *  12372E-01 
5 « 29262E-02 
5.06333E-02 
4* 8 3 499 E- 02 
4.60763E-02 
4. 38129E-02 
4  ® 1 5603  E- 02 
3  »  93 188E-02 
3 • 70891 E~02 
3.4871 5E-02 
3.26667E-02 
3 . 04753E-G2 
2 • 82979F-02 
2.61353E-02 

2  *  39883  E-02 
2. 1857 7 E- 02 
1 .97445E-02 
1 • 764-98  E- 02 
1 «  55 749E-02 
1 .35212E-02 
1 . 14906E-02 
9 • 485 1 6E-03 
7 • 50761 E-03 
5. 56169E-03 
3 • 65284E— 03 
1 . 79035E-03 
8  •  82  350E-04 
0 .00000E-99 


(Z3  -  Ze)s 

1.11111E-01 
1.  Ill 11 E-01 
1  a  1  1  1  1  1  E-0  1 
la  11111E-01 
1.1111 1E-0 1 
1.11111E-01 

1  a  11110E-01 
1. 1 1 102E-01 
1 . 11042E-01 
1. 10801E-01 
1 . 10120E-01 
1 . 086 17  E -0 1 
1 .05834E-01 
1 .01275 E -01 
9.44260E-02 
8.4751  IE-02 
7 . 16466E-02 
5.43335E-02 
3 . 15676E-02 
3.05  140 E -02 
2 • 94474E— 02 

2  *  83675E-02 
2 . 72741E-02 
2.61667E-02 
2 . 5045 IE -02 
2 . 3 9087 E -02 
2 . 27572E— 02 
2®  1390  IE -02 
2.04069E-02 
1 . 9 20 7 OE— 02 
1 . 7989 8 E-0 2 
1.67546E-02 
1 .55006E-02 
1.42269E-02 
1 .29326E-02 
1. 16165E-02 
1 .02771E-02 
8.91289E-03 
7.52 169E-03 
6. 10088E-03 
4 . 6468 3E -03 
3 . 15423E-03 
1 .61384E-03 
8. 19907E  -0.4 
0 . 00000E-99 


. 


. 


055 

050 

045 

04  0 

03  5 

.030 

,02  5 

020 

.0  I  5 
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.005 
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JURE 


19. 


Redlich-Kwong  Fluid,  Asymptotic  Function  of  the  Satu¬ 
rated  Compressibility  Factors  as  a  Function  of  Temper¬ 
ature. 
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Substituting  equations  24  and  193  in  equation  191, 


3“3L(i-b<*,) 


At  the  critical  point,  for  a  Redlich-Kwong  fluid,  we  have  from 
equation  194,  on  expanding  the  logarithm  and  taking  the  limit  as 
the  critical  point  is  approached. 


(P')c.P.  =  3  Zc  + 


(195) 


=  5.58043 


2(l+b)_ 


From  equations  51  and  195,  we  see  that  the  slope  of  the  vapor 
pressure  curve  at  the  critical  point  is  equal  to  the  slope  of  the 
critical  isometric  at  the  critical  point. 

Values  of  the  temperature  coefficient  of  the  vapor  pressure 
curve  as  a  function  of  Y  are  listed  in  table  11.  These  same  data 
are  illustrated  in  figures  20  and  21. 


FIGURE  20.  -  Redlich-Kwong  fluid,  temperature  coefficient  of  the 
vapor  pressure  curve  as  a  function  of  temperature. 
FIGURE  21.  -  Redlich-Kwong  fluid,  temperature  coefficient  of  the 


vapor  pressure  curve  as  a  function  of  temperature 


near  the  critical  point. 


Values  of  'On,  (3 7  as  a  function  of  are  given  in  table  12. 


f 
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TABLE  11 


RED L I CH-KWONG  FLUID,  TEMPERATURE  COEFFICIENT  OF  THE 


VAPOR  PRESSURE 

CURVE  AS 

A  FUNCTION  OF  TE 

Y  =  T/Tc 

3  =  P/Pc 

P' 

M  dY 

Y 

O' 

0.00000E-99 

0. 00000E-99 

1 .OOOOOE-Ol 

1 .55088E-42 

1 • 50000E-0 1 

1 . 14690E-2 1 

2 . OOOOOE-Ol 

4.35885 E- 13 

2 . 50000E-0 1 

1 . 16262E-08 

3. OOOOOE-Ol 

4 . 6 03 66  E  —  06 

3 . 50000E-0 1 

2.08613E-04 

4. OOOOOE-Ol 

2 . 73798  E-03 

4 • 50000E-0 1 

1 . 67639E-02 

5 .OOOOOE-Ol 

6  «  262 87 E-02 

5 • 50000E-0 1 

1 .67943E-01 

6 .OOOOOE-Ol 

3 . 5  8404E-0 1 

6.50000E-01 

6. 51267E-01 

7. OOOOOE-Ol 

1 .05418E-00 

7  •  50000E-0 1 

1.56731 E-00 

8. OOOOOE-Ol 

2. 18623E-00 

8 . 5  00  OOE -0 1 

2 . 90422  E-00 

9. OOOOOE-Ol 

3.71 3  89E-00 

9 • 50000E-0 1 

4 • 608 1 0E-00 

9 . 5  2000E-01 

4 . 64553  E-00 

9.54000E-01 

4 • 68309E-00 

9.56000E-01 

4. 72077E-00 

9 • 58000E-0 1 

4. 75857E-00 

9.60000E-01 

4.7  9650E-00 

9.62000E-01 

4. 83455  E-00 

9.64000E-01 

4 • 87273E-00 

9.66000E-01 

4. 911 02 E-00 

9 .6  8000E-01 

4 . 94944E-00 

9  •  70000E-0 1 

4.98798E  —  00 

9.72000E-01 

5  «.  02664E-00 

9.7  40  OOE— 0 1 

5 . 06  543  E-00 

9 . 76  000E-01 

5 . 1 0433  E-00 

9 . 78000E-0 1 

5 . 1433  5  E-00 

9 . 80000E-01 

5. 18249E-00 

9.82000E-01 

5. 2217 5 E-00 

9 . 84000  E -0 1 

5.2611 4E-00 

9.86000E-01 

5 . 30063  E-00 

9.88000E-01 

5 . 3402  5  E-00 

9  •  90000E-0 1 

5.37999E-00 

9.92000E-01 

5.41 984E-00 

9 . 940  OOE -0 1 

5. 45981 E-00 

9.96000E-01 

5.49990E-00 

9 . 98000E-0 1 

5. 54011 E-00 

9.99000E-01 

5 . 56  02  5  E-00 

1.00000E-00 

5 . 58043  E-00 
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FIGURE  20.  -  Redlich -  Kwong  Fluid,  Temperature  Coefficient  of  the 
Vapor  Pressure  Curve  as  a  Function  of  Temperature. 
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FIGURE  21.  "  Redlich  - Kwong  Fluid,  Temperature  Coefficient  of  the 
Vapor  Pressure  Curve  as  a  Function  of  Temperature 
Near  the  Critical  Point. 
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TABLE  12 
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REDLI CH-KWONG  FLUID,  LOGARITHM  OF  THE  TEMPERATURE 
COEFFICIENT  OF  THE  VAPOR  PRESSURE  CURVE  AS  A 
FUNCTION  OF  RECIPROCAL  TEMPERATURE 

Y  =  T/Tc  0  =  P/Pc  P '  =  ^ 

1/y  -tn  p" 


+  se 

1 .OOOOOE+Ol 
6 . 66666E-00 
5 • 00000E-00 
4 .  00000E-00 
3 • 33  333  E-00 
2.85714E-00 
2 . 50000E-00 
2  «  222  22E-00 
2 . 00000E-00 
1  •81818E-00 
1 .66666E-00 
1.53846E-00 
1 .42857E-00 
1 • 33333E-00 
1 .25000E-00 
1. 17647E-00 
1. 11111E-00 
1.05263E-00 
1 .05042E-00 
1 • 048  2 IE-00 
1 .04602E-00 
1.04384E-00 
1  *  04166  E -00 
1 .03950E-00 
1 .03734E-00 
1 *035 19E— 00 
1 .03305E-00 
1  .  03092E-00 
1 .02880E-00 
1 .02669E-00 
1 .02459E-0Q 
1 .02249E-00 
1 .02040E-00 
1 .01832E-00 
1 .01626E-00 
1.01419E-00 
1 .01214E-00 
1 . 0 10 10E-00 
1 .00806E-00 
1 .00603E-00 
1 .00401E-00 
1 .  00200E-00 
1 .00100E-00 
1 .00000E-00 


-  06 

-9.62697E+01 
-4. 82172E+01 
-2 . 846 13E+01 
-1 . 82699E+01 
“1  *  22886E  +  01 
—  8 . 47  5  02  E-00 
~5 . 90053  E-00 
-4, 08852E-00 
-2 . 77053  E-00 
- 1 • 7841 3  E-00 
-1 . 02609E-00 
-4 « 28835 E-01 
5  *  27646 E— 02 
4. 49366 E-01 
7.82181 E-01 
1 .06616E-00 
1.31208 E-00 
1.52781 E-00 
1 . 53590E-00 
1 . 543  95  E-00 
1 . 55197E-00 
1 . 55994E-00 
1 . 56788E— 00 
1 . 57578E-00 
1  ©  58365 E  —  00 
1 . 59148E-00 
1  *  59927E-00 
1 .60703E-00 
1.61475 E-00 
1.62243E-00 
1 . 63008  E-00 
1 .63770E-00 
1 . 645  2  8  E-00 
1 .65283E-00 
1 . 6603 4 E-00 
1 .66782E-00 
1 .67527E-00 
1 . 68268E-00 
1 .69006E-00 
1.69741 E-00 
1 .70473E-00 
1.71201 E-00 
1 .71564E-00 
1.7 1 926E-00 
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These  same  data  are  illustrated  in  figures  22  and  23. 


FIGURE  22.  -  Redlich-Kwong  fluid,  logarithm  of  the  temperature 
coefficient  of  the  vapor  pressure  curve  as  a 
function  of  reciprocal  temperature. 

FIGURE  23.  -  Redlich-Kwong  fluid,  logarithm  of  the  temperature 
coefficient  of  the  vapor  pressure  curve  as  a 
function  of  reciprocal  temperature  near  the  critical 
point . 


TEMPERATURE  COEFFICIENTS  OF  THE  SATURATED 
LIQUID  AND  GAS  DENSITIES 


The  temperature  coefficient  of  the  saturated  gas  density, 


defy 

dv  ’ 


is  given  as  (5.)  , 


«L 


d& 

w 


p,-pyq ) 

P3(l) 


(196) 


From  equations  23,  29,  50,  and  194,  we  find  that 


^  ”^y(l)  3a3Z3 


or,  substituting  equation  157  in  equation  197,  we  have 


e'-e 


yd) 


= .  2*l  r-£ 


at. 


2y3^  j_  ( 1+bc^  )  b  (cv3  -c^  )  UIV  ( 1+bc^  )  J 


In 


a+bco 


(198) 


From  equation  52,  for  the  saturated  gas,  we  have 


Po(l)  3Y 


1  ao^  (2+bd^  ) 

(1-bc^)2  ~  Y3^  ( 1+bc^  )p 


(199) 


f 


' 


XL  Vi'g  ll 


. 
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4  i - 1 - »  1 - 1 - 1 - 1 - 1 - 1 - > — 

1.00  1.25  1.50  1.75  2.00  2.25 
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FIGURE  22.  -  Redlich- Kwong  Fluid,  Logarithm  of  the  Temperature 

Coefficient  of  the  Vapor  Pressure  Curve  as  a  Func¬ 
tion  of  Reciprocal  Temperature. 
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FIGURE  23.  -  Redlich -  Kwong  Fluid,  Logarithm  of  the  Temperature 
Coefficient  of  the  Vapor  Pressure  Curve  as  a  Func¬ 
tion  of  Reciprocal  Temperature  Near  the  Critical 
Point. 
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Solving  equation  158  for  Y3^  , 


3/2  =  a  ( 1-bOfr  )  ( l-bq3  )  (Qfa-Kfr  +bot1  ot3 ) 
(l+la;  )  (1+l.a.O 


(200) 


Substituting  equation  200  in  equation  199, 


B  =  3a(g3-C*i)[2  -  (l+bcy3)(l+bQ’1)3] 

Pa(l)  ( l+ba3 )  ( 1+boi  )2  ( 1  -bc*Y  ) 


(201) 


/ 

<*l  = 


Substituting  equations  198  and  201  in  equation  196,  we  finally  have 
3c*!  (l+ba3)  (1+boi  )2  ( 1-bo^ )  r  at3 


2Y(a3-aL)[(l+ba3)(l+ba1)s  -  2] 


j 

I  ( l+bo^  ) 


+ 


( 1+boj ), 
b (a3 -0^ )  ln  (L+ba3)i 


(202) 


The  derivation  of  the  expression  for  the  temperature  co- 

z  da3 

efficient  of  the  saturated  liquid  density,  a3  =  ,  is  similar  to 

that  just  developed  for  the  saturated  gas.  The  result  is 

da3  g'-3. 


/ 

Ofa  = 


dY 


3 


a  (3) 


3ot3  ( 1+bo^  )  (l+bc*3)2  (l-ba3) 
2Y (at!  -a3)[(l+ba1)  (l+ba3)3-2] 


r  q^3 

l(l+ba3) 


+ 


Oh 


(l+b^i  ) 

b(a3-al)  (1+ba 


In 


(203) 


Values  of  cx^  and  ot3  as  a  function  of  Y  are  given  in  table  13 


and  are  illustrated  in  figure  24.  These  same  data,  near  the 


FIGURE  24.  -  Redlich-Kwong  fluid,  temperature  coefficients  of  the 
saturated  liquid  and  gas  densities  as  a  function  of 


temperature . 


. 
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TABLE  13,  “  REDLI CH-KWONG  FLUID?  TEMPERATURE  COEFFICIENTS  OF  THE 

SATURATED  LIQUID  AMD  GAS  DENSITIES  AS  A  FUNCTION  OF 
TEMPERATURE 


Y  =  T/Te 

Y 

0 .00000E-99 

1  .OOOOOE-Ol 
1 .50000E-01 

2  * OOOOOE-O 1 

2  .  50000E -0 1 

3  •  OOOOOE-O 1 

3  •  50D00E -0 1 
4 • OOOOOE -0 1 

4  .  50000E -0 1 

5  . OOOOOE-O 1 
5  •  50000E -0 1 
6 • OOOOOE -0 1 
6 • 50000E-0 1 
7 • OOOOOE-O 1 
7 . 50000E-0 1 
8 . OOOOOE “0 1 
8.50000E-01 
9. OOOOOE -01 
9  •  50000E—0 1 
9  •  52000E-0 1 
9 . 54000E -0 1 
9  •  56000E-01 
9  *  5  8000E ”0 1 
9 .60000E-0 1 
9 .62000E-0 1 
9  •  64000E ”0 1 
9  *66 OOOE  —0 1 
9 • 6  8000E “0 1 
9 , 70000E ”0 1 
9 • 72000E -0 1 
9  •  74000E ”0 1 
9  .  76000E-0 1 
9.78000E”01 
9*8  OOOOE ”0 1 
9  •  82000E-0 1 
9  •  84000E ~0 1 
9  *  86  OOOE ”0 1 
9 • 88000E ”0 1 
9 • 90000E ”0 1 
9 • 9  2000E ”0 1 
9.94000E-01 
9  •  96000E—0 1 
9  *98 OOOE “01 
9  «  99000E -0 1 
1 .00000E-00 


a  =  P/Pc 

/ 

% 

0*00000 E“ 99 
5. 13765E-42 
2  •  51964E-21 
7 . 13688E-13 
1*511 87E-08 
4 . 94822  E-06 
1 *90465E“04 
2 • 1 6643  E~03 
1 , 16883E-02 
3.91147E-02 
9.5699  7  E-0  2 
1 .90295E-01 
3 , 29  8  59  E~0 1 
5 • 22812E-01 
7.8  4099  E~0 1 
1 . 14387E-00 
1 • 66  86  8  E— 00 
2 • 53427E-00 
4 . 43  884E-00 
4.57124E-00 
4.71201 E~00 
4 • 86208E-00 
5 • 022  54E-00 
5 . 19466  E“00 
5.3799  5  E“00 
5.58021 E-00 
5.79759E-00 
6 .03472  E-00 
6.29482E-00 
6.58 192E—00 
6.90108 E-00 
7.2  58  82  E-00 
7.66371 E-00 
8 . 12722E-00 
8 . 6651 5  E-00 
9 • 30006E-00 
1 .00653E+01 
1 . 10132E+01 
1 • 22308E+01 
1 .38776E+01 
1.62  865  E+0 1 
2 . 03204E+0 1 
2 . 940  8  7  E+0 1 
4 • 22445  E+0 1 

+  o® 


«3 


0 

.OOOOOE 

-99 

-7 

.495 13E 

-01 

-9 

.  28538E 

-01 

-1 

. 08748E 

-00 

-1 

„  23662E 

-00 
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FIGURE  24. ~  Redlich -  Kwong  Fluid,  Temperature  Coefficients  of  the 

Saturated  Liquid  and  Gas  Densities  as  a  Function 
of  Temperature. 


iv] 


101 


critical  point,  are  illustrated  in  figure  25.  The  value  of  the 


FIGURE  25.  -  Redlich-Kwong  fluid,  temperature  coefficients  of  the 
saturated  liquid  and  gas  densities  as  a  function  of 
temperature  near  the  critical  point. 


temperature  coefficients  of  the  saturated  liquid  and  gas  densities 
at  the  critical  point  may  be  determined  in  the  following  way. 

In  a  previous  report  (5) ,  the  relationship  between  saturated 
densities  of  coexisting  phases  of  an  analytical  fluid  sufficiently 
close  to  the  critical  point  is  shown  to  be  given  by 

(<*3-l)  =  (1-0)  )[1  -#(l-Oi)  H^ci-a i)2]  ,  (204) 


where  (3) 


3  . 

/  CWfaQfA 

^QtQtd  -p  • 


(205) 


For  a  Redlich-Kwong  fluid,  we  have  from  equations  178,  179,  187, 

and  188 

M  =  -0.384878  .  (206) 

Also,  it  is  shown  in  a  previous  report  (3), 

0*3 -1)  +  (*1-1)  /P„Y  \ 

- r -  +1  =  1  +3tf(V-l)  {■rLL~  ■  (207) 

£■  \P  /  c  p 

OtOid  c  -  v  ’ 


From  equation  204,  it  follows  that 


«3  +  Q-/  =  #(l-0i)[2  ~  3^(1-^  )]ofl/ 


(208) 


* 

f 


■ 
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FIGURE  25.  -  Redlich- Kwong  Fluid,  Temperature  Coefficients  of  the  Sat¬ 
urated  Liquid  and  Gas  Densities  as  a  Function  of 
Temperature  Near  the  Critical  Point. 
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From  equation  207,  we  find 


oii  +  o '/  =  bM($  /(3  V  p 
3  1  V  QY  Q'Q'Cr  c  ‘  p 


(209) 


Thus,  from  equations  208  and  209,  we  have 


/ 

a.  = 


6^ffY/Paac2e  -p- 


1  (x-q’1)[2  -  aV(i-Qi)] 


(210) 


Since  is  always  less  than  1,  then 


lim  Q'1 

y->l 
CHI  ~*1 


=  +  CO 


(211) 


Substituting  equation  210  in  equation  209,  we  find 


c*3  =  6A/(P.„,/B _ )„.„. 


CHY  OtOtOt 


( 1— Q!i  )  [2  -  3^(1-^)] 


(212) 


and  since  0^  is  always  less  than  1,  then 

lim  <23  =  -  00  .  (213) 

y-»i 
%  -*1 

Values  of  the  asymptotic  function  of  the  temperature  co¬ 
efficients  of  the  saturated  liquid  and  gas  densities  are  listed  in 
table  14  as  a  function  of  (1-Y) •  These  same  data  are  illustrated, 
near  the  critical  point,  in  figure  26.  The  value  of  the  asymptotic 


FIGURE  26.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
temperature  coefficients  of  the  saturated  liquid 
and  gas  densities  as  a  function  of  temperature. 


function  of  the  temperature  coefficients  of  the  saturated  liquid 


, 


. 


. 
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TABLE  14.  -  RED L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 

TEMPERATURE  COEFFICIENTS  OF  THE  SATURATED  LIQUID 
AMD  GAS  DENSITIES  AS  A  FUNCTION  OF  TEMPERATURE 


H 

11 

> 

01  =  P/Pc 

m  /  da 

(V  =  - 

“  dY 

(1-Y) 

(1-Y)  (<Os 

(1-Y)  0*')3 

1 .00000E-00 

0 . 00000  E-99 

0 . OOOOOE-99 

9 .  OOOOOE-O 1 

2 . 37559E— 83 

5 • 05592  E-0 1 

8 . 5  OOOOE “0 1 

5  .  39632  E-42 

7 . 32  85  5  E-0  1 

8  .  QOOOOE— 0 1 

4  « 0  7480  E-2  5 

9 . 46 1 04E-0 1 

7  ®  50000E -0 1 

1 .71431E-16 

1 .14693E-00 

7  » OOOOOE ”0 1 

1 .71394E-11 

1 .33680E-00 

6 . 5  OOOOE  —0 1 

2.358  00  E-0  8 

1 .51716E-00 

6 . OOOOOE “0 1 

2.8 1607E-06 

1  . 6  8  964  E-00 

5 • 50000E -0 1 

7.51 390  E-05 

1 .85589E-00 

5  .OOOOOE-O 1 

7 .64983E-04 

2 • 01724E-00 

4  « 50000E -0 1 

4.121 30  E-0  3 

2 . 17402E-00 

4 . OOOOOE -0 1 

1 .44848E-02 

2.325 1 6E-00 

3  ©  5 OOOOE -0 1 

3  *  80825E-02 

2 .46802E-00 

3 .OOOOOE-O 1 

8 .19999E-02 

2 . 59826E-00 

2  . 50000E -0 1 

1 . 53703  E-0  1 

2.7  0950E-00 

2. OOOOOE -01 

2 .6 1689  E-0 1 

2 .7  9245  E-00 

1 . 50000E -0 1 

4 • 176  78  E-0 1 

2. 83297 E-00 

1 .00000E-01 

6  a  42  2  52  E-0 1 

2 .80668E-00 

5  . OOOOOE -02 

9.851 67  E-0  1 

2. 6589 5 E-00 

4  •  80000E-02 

1 .00302E-00 

2 . 64876  E-00 

4.60000E-02 

1.021 34E-00 

2 . 63809E-00 

4 .4 OOOOE ~02 

1 .040 1 5  E-0 0 

2. 62691 E-00 

4  * 2  OOOOE "0  2 

1 .05948  E-00 

2.61 520E-00 

4  0  0  0  0  0  0  E  -  0  2 

1 .07938E-00 

2 .60291 E-00 

3 • 80000E-02 

1 .09986E-00 

2 . 59001 E-00 

3 .60000E-02 

1 .12099E-00 

2 .57646 E-00 

3  e40000E ”0 2 

1.14281E-00 

2  •  562 1 9E-00 

3  •  20000E-02 

1 .16537E-00 

2.54717E-00 

3 .00000E--02 

1. 18874E-00 

2.53131 E-00 

2 • 80000E -02 

1 .21300E-00 

2 . 51455E-00 

2  .60000E-02 

1 • 238  24E-00 

2 . 49679E-00 

2 .40000E-02 

1 .26457E-00 

2 . 47793E-00 

2 .20000E-02 

1.2921 IE- 00 

2 . 45783 E-00 

2 .00000E-02 

1 .32103E-00 

2 . 43634E-00 

1 .80000E-02 

1 .35152E-00 

2 . 41 32  5  E-00 

1 *60000E”02 

1 .38385E-00 

2 . 38830E-00 

1  .40000E "0  2 

1 .41836E-00 

2.3611 6  E-00 

1 .20000E-02 

1.45550E-00 

2.33 136E-00 

1  .  OOOOOE-O  2 

1 .49594E-00 

2 . 29824E-00 

8  •  OOOOOE -03 

1 *54071 E-00 

2  •  26076E-00 

6 .00000E-03 

1.59151 E-00 

2  •  21723E-00 

4 .00000E-03 

1 .65168E-00 

2.1 6432  E-00 

2 .00000E-03 

1 .72975E-00 

2  •  09348 E-00 

1..00000E-03 

1 .78460E-00 

2 • 04223E-00 

0 . OOOOOE -99 

1.91521 E-00 

1 .91521 E-00 

, 
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FIGURE  26.  _  Red  I  ich  -  K  wong  Fluid,  Asymptotic  Function  of  the 

Temperature  Coefficients  of  the  Saturated  Liquid 
and  Gas  Densities  as  a  Function  of  Temperature, 


106 


and  gas  densities  at  the  critical  point  may  be  determined  in  the  fol¬ 
lowing  way. 


Squaring  equation  210, 

36  0  /p  )f  P 


(«,  )2  = 


QsY  '  otota 


(1-C*  )2[2  -  W(l-tt:)]: 


From  equations  204  and  207,  we  have 


(i-^)2  = 


6(1-V)(PtfY/Pagw)c, 
[l  -  #(!-&!  )] 


Substituting  equation  215  in  equation  214,  we  find 

lim(l-Y)  (a/)3  =  (P  /p  )c  P  =  1.91521 

^  x  2  v  qy  aaer  c  •  * 

Qi-l 


Similarly, 

lim(l-Y)  (Qfg)3  =■—  (P^y/P^c  .p  .  =  1-91521 

a3~*l 


(214) 


(215) 


(216) 


(217) 


TEMPERATURE  COEFFICIENT  OF  THE  RECTILINEAR  DIAMETER 
From  equations  178,  179,  206,  and  209,  we  find  that 


limO-^  +  #3) 

Y-l 

«L-*1 


Therefore,  the  slope  of  the  rectilinear  diameter,  at  the  critical 

point,  is 

g 

~  lim(c^/  +  &3)  =  =  -1.47425  .  (219) 

Y^l  aa'a  c  • p  • 

«L^1 

CV3-I 


oTi 


aaa 


■2.94850 


(218) 


C  .  P 


Values  of  the  temperature  coefficient  of  the  rectilinear 
diameter  as  a  function  of  temperature  for  a  Redlich-Kwong  fluid  are 
listed  in  table  15.  These  same  data  are  illustrated  in  figures  27 
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FIGURE  27.  -  Redlich-Kwong  fluid,  temperature  coefficient  of  the 
rectilinear  diameter  as  a  function  of  temperature. 


and  28. 


FIGURE  28.  -  Redlich-Kwong  fluid,  temperature  coefficient  of  the 
rectilinear  diameter  as  a  function  of  temperature 
near  the  critical  point. 


SATURATED  FUGACITY  FUNCTION 

Since  the  fugacities  of  the  saturated  liquid  and  gas  are  the 
same,  one  may  use  the  properties  of  either  the  gas  or  the  liquid 
to  evaluate  this  function. 

For  the  saturated  gas,  we  obtain  from  equation  69 


In 


b 

-(1-bQO 


a 

Y3'5  ( 1+bQi  )  _ 


+ 


a  1  »„ 

7?2  i 


by^2  J 


(l+bc*i  ) 


-  In 


*  aoi  (1-boO 
(1+bQi)  -  - - 


(220) 


Values  of  the  logarithm  of  the  fugacity  function,  at  satura¬ 
tion,  as  a  function  of  temperature,  listed  in  table  16,  are 
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TABLE  15.  ~  RED L I CH-KWONG  FLUID,  TEMPERATURE  COEFFICIENT  OF  THE 

RECTILINEAR  DIAMETER  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 

at  =  P/Pc 

/  _  dor 

01  ~  dY 

Y 

2 

0 .00000E-99 

0 . OOOOOE-99 

1 .00000E-01 

-3.7475  6  E-0 1 

1 .50000E-01 

-4.64269E-01 

2 .  OOOOOE— 0 1 

-5 . 43744E-0 1 

2 . 50000E-01 

-6. 18314E-01 

3  .OOOOOE-O 1 

-6 . 9096  OE-0 1 

3.50000E-01 

-7.63793E-01 

4  •  OOOOOE-O 1 

-8 . 37974E-01 

4  •  50000E— 01 

-9. 12627E-01 

5 .OOOOOE-O 1 

-9. 84745E-01 

5 • 50000E-01 

-1.051 1 4E-00 

6  .OOOOOE-O 1 

-1 . 11035E-00 

6.5  OOOOE  ~0 1 

-1 . 16280E-00 

7  •  OOOOOE-O 1 

-1 . 21006E-00 

7 • 5  OOOOE -0 1 

-1. 25400E-00 

8  o OOOOOE-O 1 

-1 . 29637E-00 

8 .5 OOOOE -01 

— 1.33858E-0Q 

9. OOOOOE-O  1 

-1 . 38177E-00 

9 . 5  0000  E -0 1 

-1 .42677E-00 

9 • 5  2000E-0 1 

-1 .42862E-00 

9 . 54000E— 0 1 

-1 . 43047E-00 

9 • 56000E— 0 1 

-1 .43233E-00 

9.58  000  E  —0 1 

-1 .43419E-00 

9 .60000E— 0  1 

-1 .43605E-00 

9.6  2000E  ~0 1 

-1.43792E  —  00 

9.64000E-01 

-1 . 43  97  9E-00 

9 .66000E-01 

—  1 . 44167E-00 

9 .6  8000E-0  1 

-1 .44355E-00 

9 • 70000E-0 1 

-1 .44544E-00 

9 . 72000E-0  1 

-1 .44733E-00 

9 • 74000  E-0 1 

-1 .44922E-00 

9 • 76000E— 0 1 

-1 .45112E-00 

9.7  8000E— 01 

-1 .45302E-00 

9.80000E-01 

-1 .45493E-00 

9.8  2000E— 0 1 

-1 .45684E-00 

9 . 84000E-0  1 

-1 .45875E-00 

9.86  OOOE— 0 1 

-1 .46067E-00 

9 • 88000E-0 1 

-1 . 46260E— 00 

9.90000E-01 

— 1 . 46453E-00 

9.92000E— 01 

-1 .46647E-00 

9 • 94000E  — 0 1 

-1 .46840E-00 

9 • 96000E-0  1 

-1 .47035E-00 

9 .98000E-01 

-1.47229E-00 

9 • 99000E-0 1 

-1 .4732.6E-00 

1 .00000E-00 

- 1  *.4  7425E-00 

- 


' 
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FIGURE  2  7.- Redl  Ich— Kwong  Fluid,  Temperature  Coefficient  of 

the  Rectilinear  Diameter  as  a  Function  of  Tem¬ 
perature. 
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FIGURE  28.  ~  Redlich- Kwong  Fluid,  Temperature  Coefficient  of  the 

Rectilinear  Diameter  as  a  Function  of  Temperature 
Near  the  Critical  Point. 
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TABLE  16. 


RED  L I CH-KWONG  FLUID 
AT  SATURATION,  AS  A 


LOGARITHM  OF  THE  FUGACITY  FUNCTION, 
FUNCTION  OF  TEMPERATURE 


Y  “  T/Tc 


f  =  fugacity 


Y 

0 .  00000E-99 
1 .OOOOOE-Ol 
1.50000E-01 
2 • OOOOOE-Ol 
2.50000E-01 

3  •  OOOOOE-0 1 
3 . 50000E-0 1 

4  .  OOOOOE— 01 
4.50000E-01 

5  .  OOOOOE-Ol 
5' .  50000E— 0  1 

6  .OOOOOE-Ol 

6  •  50000E-0 1 

7  •  OOOOOE-O 1 
7  «  500  OOE-O 1 
8 . 00  000  E-0 1 
8 • 50000E— 0  1 
9  • 00000E“0 1 
9 . 50000E— 0 1 
9 . 5  2000E-01 
9 » 54000E-0 1 
9. 56000 E -01 
9  •  58000E-0 1 
9 • 60000E ”0 1 
9*6  2000E-0 1 
9  ®  6  4000 E ”0 1 
9.66000E-01 
9.68000E-01 
9 . 70000E— 0 1 
9  *  7 2000 E -0 1 
9  »  7 40 OOE -0  1 
9 . 76  000 E -01 
9 . 78000E-0 1 
9.80000E-01 
9 • 82000E-0 1 
9 • 84000E ”0 1 
9.86000E-0  1 
9 • 88000E-01 
9 . 90000E— 0 1 
9  .92000E-01 
9  «  9 40 OOE “0  1 
9.96000E-01 
9 • 98000E-0 1 
9 • 99000E— 0 1 
1.00000E-00 


0 .00000E-99 
0.00000E-99 
0 .OOOOOE-99 
0 . 00000E-99 
~9 . 57368E-1 0 
-3.77  908  E-07 
-1 .70731E-05 
-2 . 23450E-04 
-1 .36441E-03 
-5 . 08 1 57E-03 
-1 .35710E-02 
-2 • 88  005  E-02 
-5 . 1 9523 E-02 
-~8  ®  3 3349 E-02 
-1 . 22587E-01 
-1 .68952E-01 
-2.21501 E-0 1 
-2.79279E-01 
-3 . 41 392 E-0 1 
-3 . 43955E-01 
-3.46524E-01 
-3. 49098 E -01 
-3 .51678E-01 
-3 . 54263  E-01 
-3 .56853E-01 

—  3 . 5  9 44 9  E-- 01 
-3.62050E-01 
-3.64657E-01 
-3  « 67269E-0 1 
-3 .69886E-01 
-3.72508E-01 
-3 . 75 1 35E-01 
-3 . 77767E-0 1 

—  3 . 80404E-01 
-3 .83047E-01 
-3 . 85694E-01 
-3  •  88346E-01 
-3.91 003E-01 
-3. 9366 4 E-01 
-3.96331 E-01 
-3  „ 99002 E-0 1 
-4 « 01677E-01 
-4 . 04358E-0 1 
-4 . 05700E-01 
-4 .07  043  E-0 1 
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illustrated  in  figures  29  and  30. 


FIGURE  29.  -  Redlich-Kwong  fluid,  logarithm  of  the  fugacity  function, 
at  saturation,  as  a  function  of  temperature. 

FIGURE  30.  -  Redlich-Kwong  fluid,  logarithm  of  the  fugacity  function, 
at  saturation,  as  a  function  of  temperature  near  the 
critical  point. 


Values  of  the  logarithm  of  the  fugacity  function,  at  saturation, 
as  a  function  of  reciprocal  temperature  are  given  in  table  17.  These 
same  data,  near  the  critical  point,  are  illustrated  in  figure  31. 


FIGURE  31.  -  Redlich-Kwong  fluid,  logarithm  of  the  fugacity  function, 
at  saturation,  as  a  function  of  reciprocal  temperature 
near  the  critical  point. 


Values  of  the  fugacity  function,  at  saturation,  as  a  function  of 
temperature  are  listed  in  table  18.  These  data  are  illustrated  in 
figures  32  and  33 . 


FIGURE  32.  -  Redlich-Kwong  fluid,  the  fugacity  function,  at 
saturation,  as  a  function  of  the  temperature. 
FIGURE  33.  -  Redlich-Kwong  fluid,  the  fugacity  function,  at 

saturation,  as  a  function  of  the  temperature  near 


the  critical  point. 
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FIGURE  29.  -  Redlich - Kwong  Fluid,  Logarithm  of  the  Fugacfty 

Function,  at  Saturation,  as  a  Function  of  Temperature. 
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FIGURE  30.  -  Redlich-Kwong  Fluid,  Logarithm  of  the  Fugacity 

Function,  at  Saturation,  as  a  Function  of  Temperature 
Near  the  Critical  Point. 
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TABLE  17.  -  RED L I CH-KWONG  FLUID,  LOGARITHM  OF  THE  FUGACITY  FUNCTION, 

AT  SATURATION,  AS  A  FUNCTION  OF  RECIPROCAL  TEMPERATURE 


Y  =  T/Tc 

f  =  fugacity 

1/Y 

+  oe 

0 • OOOOOE— 99 

1 .OOOOOE+Ol 

0 . OOOOOE— 99 

6 . 666  6  6E  — 0 0 

0 . 00000E-99 

5  •  OOOOOE—OO 

0 . 00000E-99 

4  •  00000E-00 

—9 .  5 7368 E— 10 

3  •  33 333E ““00 

-3 . 77908  E-07 

2.857 14E-00 

-1 .70731E-05 

2 .50000E-00 

-2 . 23450E-04 

2.222  22E-00 

-1 .36441E-03 

2  •  000Q0E-00 

-5.08157E-03 

1.81818E-00 

-1 .35710E-02 

1 .66666E-00 

-2  » 88005  E-02 

1.53846E-00 

-5 .  19523E-02 

1  .42857E-00 

-8. 33349 E-02 

1.33333E-00 

-1  •  22587E-01 

1.25000E-00 

-=1 .68952E-01 

1. 17647E-00 

-2 . 21501 E— 01 

1. 11 11 IE -00 

-2 . 79279E-01 

1. 0526 3 E “00 

-3.41392  E”0 1 

1 .05042E-00 

-3  « 43955E-01 

1.04821E-00 

-3 . 46524E-0 1 

1 .04602E-00 

-3. 49098 E- 01 

1 • 04384E-Q0 

-3  •  51678E-01 

1 .04166E-00 

—3 « 54263E-01 

1.03950E-00 

-3.56853 E -01 

1.03734E-00 

-3 . 59449E-01 

1.03519E-00 

-3.62050E-01 

1 .03305E“00 

-3 . 64657E-01 

1.03092E-00 

-3.67269E-01 

1 .02880E-00 

-3.69886E-01 

1.02669E-00 

-3 .72508E-01 

1 .02459E-00 

-3.75135E-01 

1.02249E-00 

-3 .77767E-01 

1 .02040E-00 

-3 . 80404E-01 

1.01832E-00 

-3 . 83047E-01 

1 .01626E-00 

-3 . 85694E-01 

1.01419E-00 

-3 . 88346E-01 

1 .01214E-00 

-3  «  91 003 E-0 1 

1 .0 10 10E— 00 

-3 . 93664E-0 1 

1 .00806E-00 

-3.96331E-01 

1 .00603E-00 

-3.99002  E~0 1 

1.00401E-00 

-4 .01 677E-01 

1.00200E-00 

-4 . 043  58  E-0 1 

1 .00100E-00 

-4 . 05700E-01 

1 • OOOOOE—OO 

-4 • 07  043  E-0 1 
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FIGURE  31.-  Red  I  ich- Kwong  Fluid,  Logarithm  of  the  Fugacity 

Function,  at  Saturation,  as  a  Function  of  Reciprocal 
Temperature  Near  the  Critical  Point. 
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TABLE  18,  -  RED  L I CH-KWONG  FLUID,  THE  FUGACITY  FUNCTION,  AT 

SATURATION,  AS  A  FUNCTION  OF  THE  TEMPERATURE 


Y  =  T/Tc 


f  =  fugaclty 


Y 


0 .00000E-99 
1 .OOOOOE-Ol 
1 .50000E-01 
2 • OOOOOE-O 1 

2  •  50000E-01 

3  .OOOOOE-O 1 

3  •  5  OOOOE -0 1 

4  •  OOOOOE-O 1 
4 « 50000E-01 

5  •  OOOOOE-O 1 
5 • 5  OOOOE “0 1 

6  .  OOOOOE— 0 1 
6 . 5  OOOOE “0 1 

7  •  OOOOOE-O 1 

7  <»  5  0000 E -0 1 
8.  OOOOOE-O 1 

8  .50Q00E-01 
9. OOOOOE-O 1 
9 . 50000E-0 1 
9.52000E-01 
9 •54000E-01 

9  •  56000E-0 1 
9.58000E-01 
9  * 6 OOOOE -0 1 
9.62000E-01 
9.64000E-01 
9.66 OOOE -0 1 
9  .68000E-0 1 
9  «  70000 E -0 1 
9 . 72000E-0 1 
9  « 74000E-01 
9.76000E-01 
9  .78000E-01 
9  •  80000E-0 1 
9  »  8  2000E— 0 1 
9 • 84000E-0 1 
9.86  000E-01 
9  •  88000E—0 1 
9  •  90000E-01 
9 . 92000E— 0 1 
9 . 94000E— 01 
9  •  96000E-0 1 
9.98000E-01 
9 . 99000E— 0 1 
1  .OOOOOE-OO 


1 . 00000E-00 
1 . 00000E-00 
1 . 00000E-00 
1.00000E-00 
9. 99999E-01 
9.99999E-01 
9 . 99982  E-01 
9.99776E-01 
9. 98636E-01 
9 • 9493 1 E-01 
9. 86520E-01 
9.71610E-01 
9 . 49374E-01 
9 . 20042  E-01 
8 . 84628 E-01 
8 • 44548  E-01 
8.01314E-01 
7  •  56328E-01 
7. 10779E-01 
7 . 08960E-01 
7.07141 E-01 
7 . 05323E-01 
7. 035 06 E-01 
7.01690E-01 
6.99874E-01 
6. 98060E-01 
6. 96246E-01 
6. 94434E-01 
6. 92623 E-01 
6. 90812 E-01 
6 . 89003  E-01 
6.871 96 E-01 
6. 85389E-01 
6. 83584E-01 
6.817  80E-01 
6. 79978 E-01 
6. 78177 E-01 
6. 76378 E-01 
6 . 74580E-01 
6. 727  83 E-01 
6. 70989E-01 
6 . 69196E-01 
6 . 67404E-01 
6.66509E-01 
6.65615E-01 


. 
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FIGURE  32.—  Redlich-Kwong  Fluid,  the  Fugacity  Function,  at 

Saturation,  as  a  Function  of  the  Temperature. 
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FIGURE  33.  -  Redlich  -  Kwong  Fluid,  the  Fugacity  Function,  at  Sat¬ 
uration,  as  a  Function  of  the  Temperature  Near  the 
Critical  Point. 


# 


. 

•  '•  .■  hZ' 


120 


SATURATED  RELATIVE  GIBBS  FREE  ENERGY 

Since  the  relative  Gibbs  free  energies  of  the  saturated  liquid 
and  gas  are  the  same,  one  may  use  the  properties  of  either  the  gas  or 
the  liquid  to  evaluate  this  function. 

For  the  saturated  gas,  we  obtain  from  equation  74 


(G-G°)  -  RT  In  Pc 
RT„ 


=  Y 


In 


3a,  Y  ba  a a,  a  o  , 

- 1 -  +  - -1 -  _  - 1 -  -  — r-  { X\  (  1+ba  ) 

( 1-bo^  )  (1-bc^  )  Y^(l+baT)  bY3yfe 


bc^ 


Values  of  the  relative  Gibbs  free  energy,  at  saturation,  as  a 
function  of  temperature  are  listed  in  table  19.  These  same  data  are 
illustrated  in  figures  34  and  35. 


FIGURE  34.  -  Redlich-Kwong  fluid,  relative  Gibbs  free  energy,  at 
saturation,  as  a  function  of  temperature. 

FIGURE  35.  -  Redlich-Kwong  fluid,  relative  Gibbs  free  energy,  at 
saturation,  as  a  function  of  temperature  near  the 
critical  point. 


SATURATED  RELATIVE  HELMHOLTZ  FREE  ENERGIES 


.  (221) 


For  the  saturated  gas,  we  have  from  equation  79 


' 
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TABLE  19.  -  REDLI CH-KWONG  FLUID,  RELATIVE  GIBBS  FREE  ENERGY, 

AT  SATURATION,  AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc 

(G-G°)  -  RT  In  Pe 
Y  RTC 


0 .OOOOO E-0 0 
1  .OOOOOE-Oi 

1  *  50000  E-0  1 

2  .OOOOOE-OI 
2 • 50000  E-0  1 
3.00000E-01 
3 • 50000  E-0 1 
4  »  OOOOO  E-0 1 
4*  50000E-0  1 
5 .00000 E “01 
5 • 50000  E-0 1 
6  * 000 00 E -01 
6. 50000E-0 1 
7. 00000 E -01 
7 • 50000E=0 1 
8-.00000E-01 
8 • 50000  E-0 1 
9  .OOOOOE-OI 
9  « 50000E— 0 1 
9.52000E-01 
9  ® 54000  E-0 1 
9 . 56000  E-01 
9 . 58000E-0 1 
9 . 60000  E-0 1 
9 .6 2000 E-0 1 
9  «64000E“0 1 
9 • 6600QE-0 1 
9 «  68000  E-0 1 
9.7  QOOOE-Q 1 
9  ®  7 20 00 E “0 1 
9  « 74000 E-0 1 
9 • 76000E-0 1 
9.78000E-01 
9.80000E-01 
9. 8 2000 E-0 1 
9  .84000E-01 
9 . 86000E-0 1 
9 . 88000E-0 1 
9.90000E-01 
9  .92000E-0 1 
9  «  94000  E-0 1 
9  .96000  E-0 1 
9.98000E-01 
9 .99000E-01 
1.00000E-00 


-  00 

-1.03658E+01 
~8 . 18836E -00 
-6.8221 IE-00 
“5 . 83926 E~00 
~5 . 07444E-00 
“4 . 44845  E “00 
“3 . 91 795  E -00 
-3 . 45704E -00 
-3 • 049  10E-00 
-2.68287E-00 
-2 . 35035E-00 
-2.04560E-00 
-1 .76408E-00 
-1 .50225E-00 
-1 .25730E-00 
-1.02697E-00 
-8 . 09445E-0 1 
-6.032  10E-01 
-5 . 95177E-01 
-5 . 87 16 1 E-0 1 
-5 . 79 160E-0 1 
-5.7 1 1 75  E-0 1 
-5.63207E-01 
-5 . 55253E-0 1 
-5 .473 16E-0 1 
-5 . 3 9394 E -01 
—5.3 1487E-0 1 
-5 . 23596E-0 1 
-5.1572  1E-0 1 
—5  ®  07860E-0 1 
-5 . 000 15E-0 1 
-4 • 92 1 86E “0 1 
-4 • 8437 1 E-0 1 
-4.76571E-01 
-4.68787E-01 
-4 .610 17E-0 1 
-4 • 53262E-0 1 
-4.45522E-01 
-4.37797E-01 
-4 . 30087  E-0 1 
-4 . 2239 1E-0 1 
-4.14710E-01 
-4.10874E-01 
-4 • 07  043E-0 1 


■ 

■ 

, 

: 


(G-G°)  -  RT  In  P 
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FIGURE  34.- Redlich  -  Kwong  Fluid,  Relative  Gibbs  Free  Energy,  at 
Saturation,  as  a  Function  of  Temperature. 
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(G  - G  °  )  -  RT  In  P 
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FIGURE  35. ~  Redlich  -  Kwong  Fluid,  Relative  Gibbs  Free  Energy,  at 
Saturation ,  as  a  Function  of  Temperature  Near  the 
Critic  a  i  Point. 


124 


(A.  -A0)  -  RT  In  Pc  r  3ax Y  a 

— £ — - —— — — — —  =  y!  in  ■  ■■  v  -  7TW  ( 1+bc^  )  i 

RT„  L  ( 1  -  bos  )  by32  v  1  _t 


(222) 


Similarly,  for  the  saturated  liquid,  we  have 


(As-A°)  -  RT  In  Pc  r  3<x3Y  a  o  , 

- oTtoj  •  b^B-  ^u+b«3) 


J 


(223) 


Values  of  the  relative  Helmholtz  free  energies  of  saturated 
liquid  and  gas  as  a  function  of  temperature  are  listed  in  table  20. 
These  same  data  are  illustrated  in  figures  36  and  37. 


FIGURE  36.  -  Redlich-Kwong  fluid,  saturated  relative  Helmholtz 
free  energies  as  a  function  of  temperature. 

FIGURE  37.  -  Redlich-Kwong  fluid,  saturated  relative  Helmholtz 

free  energies  as  a  function  of  temperature  near  the 
critical  point. 


Values  of  the  asymptotic  function  of  the  relative  Helmholtz 
free  energies  of  saturated  liquid  and  gas  as  a  function  of  tempera¬ 
ture  are  listed  in  table  21.  These  data  are  illustrated,  near  the 
critical  point,  in  figure  38. 


FIGURE  38.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
saturated  relative  Helmholtz  free  energies  as  a 


function  of  temperature. 


■ 
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TABLE  20. 


-  REDLI CH-KWONG 
FREE  ENERGIES 


FLUID,  SATURATED  RELATIVE  HELMHOLTZ 
AS  A  FUNCTION  OF  TEMPERATURE 


Y 


0 .00000E-99 
1 .OOOOOE-O 1 
1 .50000E-01 
2 • OOOOOE-O 1 
2 • 50000E-0 1 
3 . OOOOOE-O 1 
3 • 50000E -0 1 
4 • OOOOOE-O 1 
4.50000E-01 
5 • OOOOOE-O 1 
5 • 50000E “0 1 
6 • OOOOOE-O 1 
6 . 50000E-0 1 
7 • OOOOOE-O 1 
7.50000E-01 
8 • OOOOOE-O 1 
8 • 5  OOOOE  — 0 1 
9 • OOOOOE-O 1 
9 • 50000E -0 1 
9 • 52000E-0 1 
9 • 54000E “0 1 
9 • 56000E -0 1 
9 . 5  8000E  ~0 1 
9.60000E-01 
9.62000E-01 
9 • 64000E -0 1 
9  . 66  OOOE -0 1 
9.68000E-01 
9  e  70000E -0 1 
9.72000E-01 
9 . 74000E -0 1 
9.76000E-01 
9.78000E-01 
9 . 8 00 OOE -0 1 
9  e  82000E -0 1 
9 . 84000E-01 
9.86000E-01 
9 • 88000E-0 1 
9 . 90000E -0 1 
9 • 92000E-0 1 
9  •  94000E -0 1 
9 . 96000E-0 1 
9.98000E-01 
9  •  99 000 E-0 1 
1  .OOOOOE-OO 


Y  =  T/Tc 


1 

«r 

v—' 

1 

& 

H 

RTC 

_  00 

-1 

.  03658E+0 1 

-8 

•  18836E 

-00 

-6 

•  8  22 1 1  E- 

-00 

-5 

.  83926E' 

-00 

-5 

.  07444E- 

-00 

-4 

•  44844E' 

-00 

-3 

.91786E- 

-00 

-3 

•  45642  E' 

-00 

-3 

.  04655  E- 

-00 

-2 

.  67536E' 

-00 

-2 

.  33284E- 

-00 

-2 

.01101E- 

-00 

-1 

.  70341  E- 

-00 

-1 

•  40464E- 

-00 

-1 

.  10988  E- 

-00 

-8 

•  1 41 77  E' 

-01 

-5 

.  11143E- 

-01 

-1 

.88431  E' 

-01 

-1 

•  74729  E- 

-01 

-1 

. 60932  E 

-01 

-1 

.  470 36 E1 

-01 

~1 

*  33033  E- 

-01 

-I 

.  18916E- 

-01 

-1 

.  0467  5  E 

-01 

-9 

.030  17E' 

-0  2 

-7 

.  57842  E1 

-02 

—  6 

.  11101E- 

-02 

-4 

•  6  2  646  E- 

-02 

-3 

.  1  230  8  E- 

-02 

-1 

.  5988  5E 

-02 

-5 

.  13606E- 

-04 

1 

. 52  230  E 

-02 

3 

.  12570E- 

-02 

4 

. 7633  5  E 

-02 

6 

•  44100E' 

-02 

8 

.  16627E 

-02 

9 

.  949  5  8  E- 

-02 

1 

•  18059E 

-01 

1 

.  37582E- 

-01 

1 

. 58450  E 

-01 

1 

•  8  141 1  E- 

-01 

2 

. 08  39  5  E 

-01 

2 

.2  5450  E’ 

-01 

2 

.  59623E 

-01 

(Aa-A0)  -  RT  in  Pc 
RTC 

_  00 

-1 .02658E+01 
-8  •  03836E-00 
-6  •  6221  IE-00 
-5  •  58926E-00 
-4 . 77444E-00 
-4 . 09845  E-00 
-3.5 1796E-00 
-3.007  08  E-00 
-2 . 54933  E-00 
-2. 13369E-00 
-1 .75261E-00 
-1 .40080E-00 
-1 .07464E-00 
-7.717  84E-0 1 
-4.91072E-01 
-2.32792E-01 
3 • 40493E-04 
1 .98912E-01 
2.05786E-01 
2.1 2  547  E-0  1 
2.1 9188E-0 1 
2. 257 03 E-0  1 
2 . 32084E-0 1 
2 . 38322E-0 1 
2 • 44408  E-0 1 
2.5033 1 E-0  1 
2.56079E-01 
2.61 637E-0 1 
2.66987E-01 
2 .721 1  IE— 01 
2 . 76983E-0  1 
2.81 576E-0 1 
2 . 85853E-0 1 
2 • 8  9769E-0 1 
2 . 93268E-0 1 
2 • 9627  2  E-0 1 
2 • 98679E-0 1 
3.00337E-01 
3.0101 8E-0 1 
3  •  00338E-0 1 
2 . 97546E-0 1 
2.90715E-01 
2 • 83730E-0 1 
2 . 59623E-0 1 


, 


<A-A°)  -  R  T  In 
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FIGURE  36.-  Redlich  -  Kwong  Fluid,  Saturated  Relative  Heimholtz 

Free  Energies  as  a  Function  of  Temperature. 
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FIGURE  37.—  Redlich-Kwong  Fluid,  Saturated  Relative  Helmholtz 

Free  Energies  as  a  Function  of  Temperature 
Near  the  Critical  Point. 


TABLE  21.  -  REDLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 

SATURATED  RELATIVE  HELMHOLTZ  FREE  ENERGIES  AS  A 


Y  =  T/Tc 

U-Y) 


1 . OOOOOE -00 
9  . OOOOOE "0 1 
8  •  50000E-0 1 
8  . OOOOOE— 0 1 
7.50000E-01 
7.00000E-01 
6  •  50000E -0 1 
6  . OOOOOE-O 1 
5.50000E-01 
5  •  OOOOOE -0 1 
4.50000E-01 
4  .OOOOOE-O 1 
3 • 50000E-0 1 

3  .OOOOOE -01 
2  •  50000E-01 
2. OOOOOE -01 
1 • 5  0000 E -0 1 
1 .OOOOOE-O 1 
5 .00000E-02 
4.80000E-02 
4.60000E— 02 
4.40000E  — 0 2 

4  •  20000E— 02 
4. OOOOOE -0  2 
3 . 80000 E -02 
3.60000E-02 
3 .40000E-02 
3 • 2  OOOOE -0  2 
3 • 00000E-02 
2 . 80000E-0 2 
2 .60000E-02 
2  .40000E-02 
2  •  20000E-02 
2 .00000E-02 
1 .80000E-02 
1  .60000E-02 
1 . 40000E -0  2 
1  .20000E-02 
1. OOOOOE -02 
8  .OOOOOE-O 3 
6 • OOOOOE-03 
4  .OOOOOE-O 3 
2 .00000E-03 
1  .00000E-03 
0 . 00000E-99 


CTION  OP 


T 

EMP 

ERATURE 

AA 

=  (A 

~A°) 

3 

LRTCJ 

+  ® 

1 

. 12899E 

+  02 

7 

.13685E+01 

5 

.01 

510  E  +  0  1 

3 

. 7 1 964E+0 1 

2 

.84523  E+0 1 

2 

.21 

659  E+0 1 

1 

.7451 4  E  +  0 1 

1 

.38 

090  E+0 1 

1 

.09 

308  E+0  1 

8 

•  61 

41 6  E 

-00 

6 

.  7  2090  E 

-00 

5 

. 1 5579E 

-00 

3 

. 85350E 

-00 

2 

.  76978E 

-00 

1 

.  87554E 

-00 

1 

. 1 5304E 

-00 

5 

. 9408 1 E 

-01 

2 

.00 

753  E 

-01 

1 

.88 

66 1  E 

-01 

1 

.  76867E 

-01 

1 

. 65372  E 

-01 

1 

•  541 79E 

-01 

1 

. 43292  E 

-01 

1 

• 32713E 

-01 

1 

• 22447E 

-01 

1 

•  1 249  8  E 

-01 

1 

. 028  69  E 

-01 

9 

. 35674E 

-02 

8 

•  45961 E 

-02 

7 

.  596 1 8  E 

-02 

6 

. 767 12  E 

-02 

5 

.9731 5E 

-02 

5 

.21 

5  1 1  E 

-02 

4 

• 49396E 

-0  2 

3 

.  8 108 2  E 

-02 

3 

•  1 6699  E 

-0  2 

2 

•  56408  E 

-02 

2 

.0040  3  E 

-02 

1 

•  48939  E 

-02 

1 

•02360E 

-02 

6 

.11 

706E 

-03 

2 

.  62430E 

-0  3 

1 

.  16778  E 

-03 

0 

.OOOOOE 

-99 

-  (Ae-Aj)  - 


T-Tc )  4x\  Pc 

r^L? 

LRTCJ 


-f  00 

1 . 1 07  84E+02 
6 . 88566E+01 
4.73583E+01 
3.42094E+01 
2.53418E+01 
1 • 89928E+01 
1 .42701E+01 
1 .06714E+01 
7 • 89024E-00 
5 • 72797E-00 
4 . 04909  E-00 
2 • 75703E-00 
1.78027E-00 
1 .06380E-00 
5 • 63  544 E- 01 
2.42473E-01 
6 . 72275  E-02 
3.68585E-03 
2 . 89839E-03 
2.21 6 14E-03 
1 .63496E-03 
1 .15056E-03 
7.58411E-04 
4.53731 E-04 
2.3 1 487  E-04 
8 . 633 07E-05 
1.25578E-05 
4 . 05600E-06 
5.42367E-05 
1 .55952E-04 
3.01391 E-04 
4.81 941 E-04 
6.88015  E-04 
9 . 088 1 0E-04 
1.131 98E-03 
1 .34318E-03 
1 .52535E-03 
1 .65765E-03 
1 .71359E-03 
1 .65770E-03 
1 .43817E-03 
9  •  66730E-04 
5.811 55  E-04 
0 .00000E-99 


' 


■ 
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0  0.01  0.02  0.03  0.04  0.05 

(I -y) 

•  FIGURE  38.  -  Redlich -  Kwong  Fluid,  Asymptotic  Function  of  the 


Saturated  Relative  Helmholtz  Free  Energies  cc 
a  Function  of  Temperature. 
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SATURATED  RELATIVE  ENTROPIES 


For  the  saturated  gas,  we  have  from  equation  82 


(S1-S°)  +  R  Ln,  PQ 
R 


=  -  +  *n(1+ba*  >]  ■  (224) 


nd  for  the  saturated  liquid , 


(Sa-S°)  +  R  to  Pe 
E 


3™  v  3l 

ln  (i-L,)  +  2b^r  to<1+b0,3) 


(225) 


Values  of  these  two  functions  are  listed  in  table  22  as  a  function 
of  temperature.  These  same  two  functions  are  illustrated  in 
figures  39  and  40. 

FIGURE  39.  -  Redlich-Kwong  fluid,  saturated  relative  entropies  as 
a  function  of  temperature. 

FIGURE  40.  -  Redlich-Kwong  fluid,  saturated  relative  entropies  as 
a  function  of  temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  relative  entropies 
of  saturated  liquid  and  gas  as  a  function  of  temperature  are  listed 
in  table  23.  These  same  data  are  illustrated,  near  the  critical 
point,  in  figure  41. 


FIGURE  41.  -  Rediich~Rv7ong  fluid,  asymptotic  function  of  the 


aturaced  relative  entropies  as  a  function  of 


tempera re. 
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ABLE  22.  -  RED 

LICH-KWONG  FLUID,  SATURATED 

RELATIVE 

AS 

A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc 

Y 

-S°)  +  R  Pc 

(Sa-S° 

R 

0 .00000E-99 

+  00 

1 .00000E-01 

1  •  03658E+02 

-5. 

1 .50000E-01 

5.45891 E+0 1 

-3. 

2 • OOOOOE-O 1 

3.41 105  E+0 1 

-2. 

2 . 50000E-0 1 

2.33  570E+0 1 

-1 . 

3 .00000E-01 

1 • 69 1 48  E+0 1 

-1  . 

3  e 50000E -0 1 

1 • 27098E+0 1 

-1  . 

4 • OOOOOE-O 1 

9 . 7943 1 E-00 

-9. 

4.50000E-01 

7 • 67877E-00 

-8. 

5 • OOOOOE-O 1 

6 • 08487E-00 

-7. 

5 • 50000E “0 1 

4.84195E-00 

-6. 

6 • 00000E-01 

3.83965  E-00 

—  6  • 

6 . 50000E -0 1 

3 .00414E-00 

-5. 

7 . OOOOOE-O 1 

2 • 2845  8  E-00 

-5. 

7 . 5  OOOOE -0 1 

1 .64435E-00 

-4. 

8 . OOOOOE-O 1 

1 .05502E-00 

—  4  a 

8.50000E-01 

4 „ 90874E-0 1 

-4. 

9 .OOOOOE-O 1 

-7.86947E-02 

-3. 

9.50000E-01 

-7. 12436E-01 

-3. 

9 • 52000E-0 1 

-7  o 41 00  7  E-0 1 

-3. 

9 • 54000E -0 1 

-7 . 69992E-0 1 

-3. 

9  «  56 OOOE ”0 1 

-7.99421 E-0 1 

-3. 

9 » 58000E-0 1 

-8.29331 E-0 1 

-3. 

9 . 6 OOOOE  ‘-0 1 

-8 • 59760  E-0 1 

-2. 

9  «62000E~0 1 

—  8 . 90  7  53  E-0 1 

-2. 

9 • 64000E— 0 1 

-9 . 22361 E-0 1 

-2  . 

9.66000E-01 

-9  ® 54642  E-0 1 

-2. 

9 • 6  8000E-0 1 

-9.87661 E-0 1 

-2. 

9.70000E-01 

-1 .021 49E-00 

-2. 

9 • 72000E-0 1 

-1 .05623E-00 

-2. 

9 . 74000E -0 1 

-1 .09199E-00 

-2. 

9 * 76000E— 0 1 

-I. 12888E-00 

-2. 

9 . 78000E -0 1 

-1 .16707E-00 

-2. 

9 . 8  OOOOE-O 1 

-1 . 20675  E-00 

-2. 

9 . 82000E-0 1 

-1 .24816E-00 

-2. 

9 • 84000E-0 1 

-1.29160  E-00 

-2. 

9.86 OOOE -01 

-1 .33749E-00 

-2. 

9 • 88000E-0 1 

-1 . 38640  E-00 

-2. 

9 . 90000E -0 1 

-1 .43914E-00 

-2. 

9.9  2000E-0 1 

-1 .49696E-00 

-2. 

9 . 94000E -0 1 

-1 . 56198E-00 

-2. 

9 • 96000E— 0 1 

- 1 . 638  33  E-00 

-2. 

9.98000E-01 

-1 .73667E-00 

-2. 

9  o 99000E-0 1 

-1 .80550E-00 

-2. 

1 .00000E-00 

-1 .96960E-00 

-1  . 

ENTROPIES 


)  +  R  jn  pc 

R 


_  00 

80502E+01 
3 1 864E+0 1 
27008  E+0 1 
71208E+01 
37218E+01 
14569E+0 1 
84647E-00 
64227E-00 
70411E-00 
94695  E-00 
3 16 14E-00 
77459  E-00 
29566E-00 
85870E-00 
44579E-00 
03826E-00 

6  1 02  7  E-00 
1 0637  E-00 
0827  8E-00 
05876E-00 
03429E-00 
00932  E-00 
983  82  E-00 
95773 E-00 
93 1 02  E-00 
90362E-00 
87547E-00 
84649E-00 
8 1 659E-00 

7  8566E-00 
75358E-00 
72019E-00 
68530E-00 
64867E-00 
60999E-00 
56884E-00 
52467E-00 
47665  E-00 
42353E-00 
36320E-00 
291 54E-00 
1 97  87  E-00 
1 3 137E-00 
96  96  0E-00 


' 


. 
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FIGURE  39. -  Redlich  -  Kwong  Fluid,  Saturated  Relative  Entropies 

as  a  Function  of  Temperature. 
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FIGURE  40.— Redlich-Kwong  Fluid,  Saturated  Relative  Entropies 

as  a  Function  of  Temperature  Near  the  Critical 
Point. 
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TABLE  23  »  -  RED  L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION!  OF  THE  SATURATED 

RELATIVE  ENTROPIES  AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc 


(l-Y) 

-(Sj-S0)  -  (Sc-S°)f 

f(s3-s°)  -  (Sc-S°)7 

L  R  J 

L  R  J 

1 .  OOOOOE -GO 

+  00 

+  » 

9  .  OOOOOE -0 1 

1. 11572E+04 

3. 1450  3E+0  3 

8 .50000E-01 

3 . 19888E+03 

9 . 7449 3 E+02 

8  . OOOOOE—O 1 

1.30 177E+03 

4. 29784E+02 

7  •  50000E-0 1 

6.41439E+02 

2 . 2956 1 E+02 

7.00000E-01 

3 • 5662 1 E+02 

1 .38115E+02 

6  •  50000E-0 1 

2.1 5485E+02 

9.00101E+01 

6.00000E-01 

1 • 38389E+02 

6 • 2045 1 E+0 1 

5.5 OOOOE “0 1 

9.30911 E+0 1 

4 . 45  245  E  +0 1 

5 .OOOOOE-O 1 

6 • 48  746  E  +  0  1 

3 . 28  846E+0 1 

4 • 5  OOOOE-0 1 

4 • 639  73  E+0 1 

2 .47740E+Q 1 

4  *  OOOOOE -0 1 

3 . 37474E+0  1 

1 .88924E+01 

3 • 5  OOOOE -0 1 

2 • 47382E+0 1 

1 .44779E+01 

3  .OOOOOE-O 1 

1 • 809  80  E+0  1 

1.  10627E+01 

2  •50000E “0 1 

1 . 30607E+01 

8 . 34690E-00 

2  e OOOOOE -0 1 

9. 14835E-00 

6.13 150E-00 

1 .50000E-01 

6 .05395E-00 

4.27935E— 00 

1 . OOOOOE -0 1 

3 • 575  53  E-0  0 

2.6918 1 E-00 

5 • 00000E-02 

1 • 58047E-00 

1 . 29223E-00 

4  •  80000E-02 

1 . 50 9 44 E— 00 

1 . 23916 E-00 

4 .  60000E-02 

1 .43906E-00 

1 o 186 27 E-00 

4.40000E-02 

1 • 36932  E-QO 

1 .  1 3  3  5  6  E  —  0  0 

4.2  OOOOE “02 

1 .30022E-00 

1.0810  IE-00 

4  .OOOOOE -02 

1.23175  E-00 

1 . 0  2  8  6  3  E — 0  0 

3  •  80000E-02 

1 . 16391 E-00 

9 .764 10 E-0 3 

3 .6 OOOOE "02 

1.09671 E-00 

9  e  2  4  3  3  4  E — 0  1 

3 .40000E"02 

1 .03014E-00 

8 .724 0  3  E — 0 1 

3 .20000E-02 

9.64211E-01 

8. 206 07 E -01 

3  . OOOOOE -02 

8 .98906E-01 

7. 6 8 94 IE -01 

2 .80000E-02 

8 . 34235 E-0 1 

7  o  17 395 E-0 1 

2. 6 OOOOE -02 

7 • 70 200 E -01 

6 . 6  5  9  6  1 E  —  0 1 

2 .40000E-02 

7 . 06  803  E-0 1 

6. 14629E— 01 

2  •  20000E-02 

6. 4404 7 E -01 

5  o 63389 1  —  01 

2  .OOOOOE— 0  2 

5.81938E-01 

5. 12229E-01 

1 .80000E-02 

5 • 2048 1 E-0 1 

4 . 6 1 1 36E-01 

1  .60000E-02 

4.  59 6 86 E-0  1 

4. 10096E— 0 1 

1  .40000E-02 

3 • 99562E-0 1 

3 . 5909 1E-0 1 

1 .20000E-02 

3.40124E-01 

3.08 100E-0 1 

1.00000E-02 

2.81390E-01 

2 .57098 E-0 1 

8 . OOOOOE "0  3 

2 . 233  86 E-0 1 

2.06054E-01 

6 . 00000E-03 

1 .661^9E-01 

1 .54924E-01 

4  .OOOOOE—O 3 

1 • 09737  E-0  1 

1 • 03645E-0 1 

2  •  00000E-03 

5.42539E-02 

5.2 1059E-02 

1  .00000E-0  3 

2.69279E-02 

2.6 1695E-02 

0  •  00000E-99 

0 .00000E-99 

0 . 00000E-99 

- 

■ 


. 
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(l-y) 

FIGURE  4 1.— Redlich-Kwong  F I u fd ,  Asymptotic  Function  of  the 

Saturated  Relative  Entropies  as  a  Function  of 
Temperature. 
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ENTROPY  OF  VAPORIZATION 
Subtracting  equations  224  and  225, 


Mi.  =  pLr.ik 

R  R 


pn  ^3  •  ) 

~  ^  (l-ba3) 


An 


(l+ba3) 

(l+bor) 


(226) 


where  ASV  is  the  entropy  of  vaporization. 

AS  < 

Values  of  — ~  as  a  function  of  Y  are  given  in  table  24.  These 
same  data  are  illustrated  in  figures  42  and  43. 


FIGURE  42.  -  Redlich-Kwong  fluid,  entropy  of  vaporization  as  a 

function  of  temperature, 

FIGURE  43.  -  Redlich-Kwong  fluid,  entropy  of  vaporization  as  a 
function  of  temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  entropy  of  vapori¬ 
zation  as  a  function  of  temperature  are  given  in  table  25.  These 

data  are  illustrated,  near  the  critical  point,  in  figure  44. 


FIGURE  44.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the  entropy 
of  vaporization  as  a  function  of  temperature. 


SATURATED  RELATIVE  INTERNAL  ENERGIES 
For  the  saturated  gas,  we  have  from  equation  85 


(^  -E°  ) 

RT0 


tod+bOi)  , 


(227) 
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TABLE  24. 


RED L I CH-KWONG  FLUID,  ENTROPY  OF  VAPORIZATION  AS  A 
FUNCTION  OF  TEMPERATURE 


Y  =  T/T. 


Y 


ASV 

R 


0.00000E-99 
1 .OOOOOE-Ol 
1 . 50000E-0 1 
2. OOOOOE-Ol 
2 • 50000E-0 1 
3. OOOOOE-Ol 
3 • 50000E-0  1 
4. OOOOOE-Ol 
4 • 50000E-0  1 
5 .OOOOOE-Ol 
5 • 50000E-0  1 
6 .OOOOOE-Ol 
6 . 50000E-0 1 
7. OOOOOE-Ol 
7 • 50000E-0 1 
8 .OOOOOE-Ol 
8 • 50000E-0  1 
9 .OOOOOE-Ol 
9.50000E-01 

9.5  2000E-01 
9 . 54000E-0  1 
9 • 56000E-0 1 
9 . 58000E-0  1 
9 .60000E-01 

9.6  2000E-0 1 

9 . 6  4000  E -0 1 
9 . 66000E-0  1 
9.68  OOOE -0 1 
9 . 70000E-0  1 
9 .72000E-01 

9.7  4000E -0  1 
9. 76 OOOE -01 
9.78000E-01 
9.80000E-01 

9 . 8  2000E -0 1 
9.84000E-01 
9.86000E-01 
9.88  OOOE -0 1 
9.90000E-01 
9.92000E-01 
9 . 94000E-0 1 
9 . 96  000  E -0 1 
9 • 98000E -0 1 
9 .99000E-01 
1 .00000E-00 


+  « 

1 .61708E+02 
8.77756E+01 
5.681 14E+01 
4.04779E+01 
3 • 06366E+01 
2.4 1 667  E  +  0 1 
1 . 96407E+0 1 
1.63210E+01 
1.37  889E  +  01 
1. 17889E+01 
1.01 557E+01 
8.77874E-00 

7.5  8  024E-00 

6 . 5  0306E-00 
5 . 50081E-00 
4. 52914E-00 
3. 53158E-00 
2 . 39393  E-00 
2.34177E-00 
2 . 28877E-00 
2 . 23487  E-00 
2. 17999E-00 
2.1 2406  E-00 
2 . 06698  E-00 
2 . 00866  E-00 
1 . 94898  E-00 
1 .88781E-00 

1 . 8  2499E-00 
1 . 76035  E-00 
1.69367 E-00 
1 . 62469  E-00 
1.55311 E-00 
1 . 47  855  E-00 
1 . 4005 1 E-00 
1 . 31838E-00 
1.23135 E-00 
1 . 13826E-00 
1.03751 E-00 
9.2657  0E-01 
8.01219E-01 
6 . 53206E-01 
4.61 192E-01 
3 • 25867E-01 
0 • 00000E-99 


.  •' 


' 

AS 
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FIGURE  4 2. -  Redlich-Kwong  Fluid^  Entropy  of  Vaponzatfon 

as  a  Function  of  Temperature. 


t 


! 


A  S 


139 


Q  L-— I, . ~..k  I  I  ,i  - J. . J 

0.95  0.96  0.97  0.98  0.99  l.OO 


7 

FIGURE  43.  -  Redlich- Kwong  Fluid,  Entropy  of  Vaporization 

as  a  Function  of  Temperature  Near  the  Critical  Point. 
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TABLE  25. 


REDLI CH-KWONG  FLUID, 
OF  VAPORIZATION  AS  A 


ASYMPTOTIC  FUNCTION  OF  THE 
FUNCTION  OF  TEMPERATURE 


ENTROPY 


(I-Y) 


Y  =  T/Tc 


(W 


1 .00000E-00 
9 .  OOOOOE-O 1 
8 .50000E-0I 
8  •  OOOOOE-O 1 
7 .50000E-01 
7. OOOOOE-O 1 
6 • 50000E-01 
6 . OOOOOE -0 1 
5. 50 00 OE -01 

5  •  OOOOOE-O 1 
4.50000E-01 
4 .OOOOOE-O 1 
3 • 50000E-01 
3 . OOOOOE-O 1 
2.50000E-01 
2. OOOOOE-O 1 
1 . 50000E-01 
1 .00000E-01 
5 . 00000E-02 
4.80000E-02 
4 . 60000E  — 02 
4.40000E-02 
4 , 20 000 E -02 
4.  OOOOOE-O 2 
3 . 80000E-02 
3.60000E-02 
3 . 40000E -02 
3. 20000E-02 
3 . OOOOOE -02 
2 . 80000E-0  2 
2.60000E-02 
2.40000E-02 
2.20000E-02 
2  •  OOOOOE-O  2 
1 .80000E-02 
1 .60000E-02 
1 .40000E-02 
1 . 20000E -0 2 
1 . OOOOOE -02 
8.00000E-03 

6  •  00000E-03 
4  •  00000E-03 
2.00000E-03 
1 .00000E-03 
0  •  OOOOOE -99 


+  “ 

2 . 6 1 495  E  +  04 
7 .70455E+03 
3.22753E+03 

1  . 63  846E  +03 
9 . 38606E+02 
5 • 84033  E+02 
3 . 85760E+02 
2 . 663 76 E+02 
1 .90136E+02 
1 .3897  8E  +  02 
1 .03140E+02 
7 .70663E+01 
5 . 74601 E+0 1 
4 . 2 2898 E +01 
3 . 02589E+0 1 
2 • 05131E+01 
1 .24720E+01 
5 .73092E-00 
5.48391E-00 
5.23849E-00 
4 .99465 E- 00 
4. 75237 E-00 
4. 51 1 63  E  —  00 
4 . 2  7  2  4  2  E  -  0  0 
4 . 03473  E-00 
3 . 79855  E-00 
3. 5 63 85 E-00 
3 .33062 E-00 
3. 09885 E-00 

2  « 86853E-00 
2  o 63 964E-00 
2.41 21 7E-00 
2.18611 E-00 
1 .961 44E-00 
1 .73815E-00 
1 .51622  E-00 
1  . 29565  E-00 
1 .07642E-00 
8 . 58532E-01 
6 .41952E-01 
4.26678E-01 
2.1 2698E-0 1 
1 .06189E-01 
0 . 00000E-99 


t 


. 


■ 
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FIGURE  44. ■  Redlfch- Kwong  Fluid,  Asymptotic  Function  of  the 

Entropy  of  Vaporization  as  a  Function  of  Temperature. 
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and  for  the  saturated  liquid, 

(Eg0)  =  -  -to(l+bor3)  .  (228) 

Values  of  the  relative  internal  energies  of  saturated  liquid 
and  gas  are  listed  in  table  26  as  a  function  of  temperature.  These 
same  data  are  illustrated  in  figures  45  and  46. 


FIGURE  45.  -  Redlich-Kwong  fluid,  saturated  relative  internal 
energies  as  a  function  of  temperature. 

FIGURE  46.  -  Redlich-Kwong  fluid,  saturated  relative  internal 
energies  as  a  function  of  temperature  near  the 
critical  point. 


I 


Values  of  the  asymptotic  function  of  the  relative  internal 
energies  of  saturated  liquid  and  gas  as  a  function  of  temperature 
are  listed  in  table  27.  This  same  function  is  illustrated  in 
figure  47  near  the  critical  point. 


FIGURE  47.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 

saturated  relative  internal  energies  as  a  function 
of  temperature . 


143 


TABLE  26. 


Y 


REDL I CH-KWONG  FLUID,  SATURATED  RELATIVE  INTERNAL 
ENERGIES  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 

(R,  -E°) 

RTC 


(e3-e°) 

RTC 


0 • OOOOOE -9  9 
1 .OOOOOE-Ol 
1 .50000E-01 

2  .OOOOOE-Ol 
2 .50000E-01 
3 .OOOOOE-Ol 

3  •  50000E-0 1 
4. OOOOOE-Ol 
4 . 5  OOOOE -0 1 
5 .OOOOOE-Ol 

5  •  50000E -0 1 
6 .OOOOOE-Ol 

6  •  50000E-0 1 
7 . OOOOOE -0 1 
7 . 50000E— 0 1 
8 .OOOOOE-Ol 
8.50000E-01 
9. OOOOOE-Ol 
9 . 50000E-0 1 
9 . 52000E-0 1 
9  •  54000E -0 1 
9 . 56000E-01 
9.58  OOOE -0 1 
9.60000E-01 
9.62000E-01 
9  •  64000E-0 1 
9.66000E-01 
9.68000E-01 
9 . 70000E -0 1 
9 . 72000E-0 1 
9.74000E— 01 
9 • 76000E-01 
9 . 78000E -0 1 
9 • 8  OOOOE— 0 1 
9 . 82  OOOE -0 1 
9 • 84000E-0 1 
9 . 86  OOOE -0 1 
9 . 88000E-0 1 
9 . 90000E -0 1 
9.92000E-01 
9.94000E-01 
9 . 96000E -0 1 
9 • 98000E -0 1 
9 • 99000E -0 1 
1 . OOOOOE -00 


0 . 00000  E-99 
0 .00000E-99 
0 . 00000 E-99 
0 . 00000  E— 99 
-3 • 68344E-10 
-1 . 75917E-07 
-9.35614E-06 
-1.41332E-04 
-9.81672E-04 
-4. 11599E-03 
-1 .22910E-02 
-2.90566E-02 
-5.83185E-02 
-1.04205E-01 
-1 .71376E-01 
-2 . 65864E-0 1 
-3 . 96934E-0 1 
-5.81968  E-0 1 
-8 • 65245E-0 1 
-8.80168E-01 
-8 .95505E-01 
-9. 11283  E-0  1 
-9.27  532  E-0 1 
—9 • 442  8  5  E-0 1 
-9.61 580  E-0 1 
-9.79458E-01 
-9  •  97968E-0 1 
-1.01716E-00 
-1 .03711E-00 
-1 .05789E-00 
-1 .07959E-00 
-1. 10230E-00 
-1 .12617E-00 
-1. 15136E-00 
-1 .17805E-00 
-1 . 20652E-00 
-1 .23710E-00 
-1 . 27027  E-00 
-1 .30669E-00 
-1.34740 E-00 
-1 .39416E-00 
-1 .45037E-00 
-1 . 5248 1 E-00 
-1 . 57825E-00 
-1 .70998E-00 


-1 .60708E+01 
-1 .30163E+01 
-1  .1 1622  E+0 1 
-9 • 86948  E-00 
-8.891 00E-00 
-8 • 10839E-00 
-7.45655E-00 
-6 .8961 1 E-00 
-6 . 40 1 39  E-00 
-5 . 95452  E-00 
-5 • 54229E-00 
-5  •  1 5429E-00 
-4 .7816  IE-00 
-4.4158  IE-00 
-4 • 0477  0  E-00 
-3  •  6653  IE-00 
-3 . 2489  IE-00 
-2.752 14E-00 
-2 .72902  E-00 
-2.70551E-00 
-2.68159E-00 
-2.65722E-00 
-2 . 63238E-00 
-2.607 02  E-00 
-2.58110E-00 
-2 • 55457E-00 
-2  •  52738E-00 
-2.49946E-00 
-2  •  47074E-00 
-2 .441 13E-00 
-2.41051E-00 
-2 . 37877 E-00 
-2 . 34574E-00 
-2.31 1 22  E-00 
-2 . 27496E-00 
-2 • 23660E-00 
-2.1 9569E-00 
-2.151 54E-00 
-2.1031 2  E-00 
-2 • 04869E-00 
-1 .98483E-00 
-1 .90276E-00 
-1 .84551E-00 
-1 .70998E-00 


, 

. 

• 
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FIGURE  45.  ~  Red  He  h  -  Kwong  Fiuids  Saturated  Relative  Internal 

Energies  as  a  Function  of  Temperature. 
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FIGURE  46.~  Redlich-Kwong  Fluid,  Saturated  Relative  Internal 

Energies  as  a  Function  of  Temperature  Near  the 
Critical  Point, 
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TABLE  27 


REDLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  SATURATED 
RELATIVE  INTERNAL  ENERGIES  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


(1-Y) 

rC^-E0)  -  (E^-E®)-!® 

r  (E3-E°)  -  (Ec-E 

L  RTC  J 

L  RTC 

OOOOOE-OO 

2 • 92403E+00 

+  ® 

OOOOOE-Ol 

2.92403  E-0  0 

2 . 06234E+02 

50000E-01 

2 . 92403E-00 

1 . 27833E+02 

OOOOOE-Ol 

2 • 92403  E-00 

8 . 93460E+0 1 

50000E-0 1 

2 • 92403E-00 

6.65775E+01 

OOOOOE-Ol 

2 . 92  403  E-0  0 

5 . 1567  IE +0  1 

50000E-01 

2 • 92400  E-00 

4 . 093  96E+0 1 

OOOOOE-Ol 

2 . 923  55  E-00 

3 . 30230E+0  1 

50000E-01 

2  •  92067E-00 

2.68959E+01 

OOOOOE-Ol 

2.90997E-00 

2 . 2009  3E  +  0 1 

50000E-0 1 

2.8821 5  E-00 

1 . 80 16 1E+01 

OOOOOE-Ol 

2.82  5  50  E-0  0 

1 .46866E+01 

50000E-0 1 

2 • 72798E-00 

1. 18633E+01 

OOOOOE-Ol 

2. 57851 E-00 

9 • 4349  3E-00 

50000E-01 

2.36730E-00 

7.32153E-00 

OOOOOE-Ol 

2.08547  E-0  0 

5 . 46496E-00 

50000E-01 

1 .72409E-00 

3 . 82334E-00 

OOOOOE-Ol 

1.27241 E-00 

2 . 36830E-00 

OOOOOE-02 

7. 13577E-01 

1 .08609E-00 

80000E-02 

6  o  88  5  88  E-0 1 

1 .03844E-00 

60000E-02 

6 • 63370E-01 

9.9 1093E-0 1 

40000E-02 

6.37917  E-0 1 

9 . 4403  6  E-0  1 

20000E-02 

6. 12225E-01 

8.97  280E-0 1 

00000E-02 

5. 86289E-01 

8 • 50827E-0 1 

80000E-02 

5.60 104E-0 1 

8 . 04683E-0 1 

60000E-02 

5.33  663  E-0 1 

7 .5885 1 E-0 1 

40000E-02 

5 .06961 E-0 1 

7 . 1 3337E-0 1 

20000E-02 

4.79991 E-0 1 

6.68 146E-0 1 

00000E-02 

4. 52745E— 01 

6 . 23285E-01 

80000E-02 

4.25215  E-0 1 

5.7  8759E-0 1 

60000E-02 

3 • 97392  E-0 1 

5.34578E-01 

40000E -0  2 

3.69265  E-0 1 

4.9075 1E-0 1 

20000E-02 

3.40823E-01 

4 . 47  2  86  E-0 1 

00000E-02 

3 . 1 20  53  E-0  1 

4 • 04 19  8  E-0 1 

80000E-02 

2 • 82940E-0 1 

3.6 1499E-0 1 

60000E-02 

2 • 53466  E-0 1 

3 •  19  205  E-0 1 

40000E-02 

2 • 23609E-0 1 

2.77337E-01 

20000E-02 

1 . 93345  E-0 1 

2.35919E-01 

00000E-02 

1 .62642E-01 

1 .94982E-01 

00000E-03 

1.31458E— 01 

1 • 54565E-0  1 

00000E-03 

9 .97381 E-0 2 

1. 14724E-01 

OOOOOE -03 

6 • 73966  E-0  2 

7 • 55425E-0  2 

OOOOOE-03 

3 • 42880E-02 

3.7 1638E-02 

00000E-03 

1 • 73  527  E-0  2 

1 .83688E-02 

OOOOOE -99 

0 .00000E-99 

0 • OOOOOE-99 

. 

•» 


, 
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FIGURE  47.-  Redlich  -  Kwong  Fluid,  Asymptotic  Function  of  the 

Saturated  Relative  Internal  Energies  as  a  Function 
of  Temperature. 
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SATURATED  RELATIVE  HEAT  CAPACITIES  AT  CONSTANT  VOLUME 
For  the  saturated  gas,  we  have  from  equation  88 


<CV,  -C°> 
R 


45755T  -tn(l+boi) 


and  for  the  saturated  liquid , 


=  ^(l+ba3) 


(229) 


(230) 


Values  of  these  two  functions  are  listed  in  table  28  as  a  function 
of  temperature.  These  same  data  are  illustrated  in  figures  48  and  49. 


FIGURE  48.  -  Redlich-Kwong  fluid,  saturated  relative  heat  capacities 
at  constant  volume  as  a  function  of  temperature. 

FIGURE  49.  -  Redlich-Kwong  fluid,  saturated  relative  heat  capacities 
at  constant  volume  as  a  function  of  temperature  near 
the  critical  point. 


Values  of  the  asymptotic  function  of  the  relative  heat  capaci 
ties  at  constant  volume  of  saturated  liquid  and  gas  are  listed  in 
table  29  as  a  function  of  temperature.  These  same  data  are  illu¬ 
strated  in  figure  50  near  the  critical  point. 


FIGURE  50.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
saturated  relative  heat  capacities  at  constant 
volume  as  a  function  of  temperature. 


- 


'  1  *  ■*  ‘  *  '  ••  •  •  M»4  E><fT  .  '  •*  1  i 

.  ’  **"  •TO  ’■  *•  -  --*v  *  •«.•  .*... 

/ 

■  ’  ■  •'  1  Sr  ■  V. 

A-  •'•■'  ■  '•  ■ 

■  '  ’  '  ^  ;  m  a;  ..  )iq 

f'7'  ■ 


■** 

' 

:*  li  •• •. 


149 


TABLE  28 


RED L I CH-KWOMG  FLUID,  SATURATED  RELATIVE  HEAT  CAPACITIES 
AT  CONSTANT  VOLUME  AS  A  FUNCTION  OF  TEMPERATURE 


Y 


0  *  OOO 00 E ~99 
1  .OOOOOE-O 1 

1  .50000E-01 

2  .OOOOOE-O 1 
2.500 00 E -01 

3  .OOOOOE-O 1 

3  •  50000E-01 

4  .OOOOOE-O 1 

4 . 5  OOOOE -0 1 

5  .OOOOOE-O 1 

5  •  50000E-0 1 

6  . OOOOOE -0 1 

6  « 50000E-0 1 

7  .  OOOOOE -0 1 
7  o  50000E-0 1 
8. OOOOOE-O 1 
8 . 50000E-0 1 
9  .OOOOOE-O 1 
9  •  50000E-01 
9 . 52000E-0 1 
9 . 54000E-0 1 
9  •  56000E-0 1 

9.5  8  OOOE -0 1 
9 • 6  OOOOE -0 1 
9.62000E-01 
9.64000E-01 
9.66000E-01 
9.68  OOOE -0 1 
9  •  70000E-0 1 
9 „ 72  OOOE -0 1 
9.74000E-01 
9. 76 OOOE -01 
9  •  78000E-0 1 
9.80000E-01 
9.82000E-01 
9  •  84000E -0 1 
9  •  86000E-0 1 
9.88  OOOE -0 1 
9 . 90000E-0 1 
9 . 92  OOOE -0 1 
9.94000E-01 
9.96  OOOE -0 1 
9 • 98000E-0 1 
9.99000E-01 
1 .00000E-00 


Y  =  T/Tc 

CVl  -c? 

R 


0 .00000E-99 
0 .00000E-99 
0.00000E-99 
0 .00000E-99 
7 • 36689E-10 
2.93195E-07 
1 • 33659E-05 
1.76665E-04 
1 .09074E-03 
4.11 599E-03 
1.  11737E-02 
2.421 38E-02 
4.48604E-02 
7 • 44326E-0  2 
1.14251 E-01 
1.66165E-01 
2.33490E-01 
3.2331 6E-0 1 
4. 55392  E-01 
4. 62273E-0 1 
4 • 69342  E-01 
4. 76612E-01 
4. 84098E-01 
4.9181 5  E-0 1 
4. 99781 E-01 
5.080 1 7E-0 1 
5. 16546E-01 
5 . 25396E-0 1 
5 » 34596E-01 
5 • 441 84E-0 1 
5 • 54204E-0 1 
5 • 64707E-0  1 
5.75756E-01 
5 • 87430  E-0 1 
5.99826E-01 
6.1 3072  E-0 1 
6 . 27336E— 01 
6 • 42  849  E-0 1 
6 • 59945  E-0 1 
6.791 37E-0 1 
7 .01291 E-01 
7.2  809  8  E— 0 1 
7 • 63933E-01 
7 .89915  E-0 1 
8 • 54990  E-0 1 


R 


+  “ 

8 . 03  54  1 E  +0  1 
4.33878E+01 
2.79057E+01 
1 .97389E+01 
1.48 183E+0 1 
1 .  15  834E  +  0 1 
9 . 32069E-00 
7.66235  E-00 
6 .40 139E-00 
5 .41320E-00 
4.6 1858E-00 
3  •  96484E-00 
3.4 1 543  E-00 
2 . 943  87E-00 
2.52981E-00 
2 . 15606E-00 
1.8  0495  E-00 
1 .44849E-00 
1.4333 1 E-00 
1 .41798E-00 
1 • 40250E-00 
1 .38686E-00 
1.37 1 03  E-00 
1 .35500E-00 
1.33874E-00 
1 .32224E-00 
1 . 30546E-00 
1 . 28838E-00 
1.27  095E-00 
1.253  14E-00 
1 . 2348  9E-00 
1 .21614E-00 
1 .  19680E-00 
1. 17679E-00 
1. 15597E-00 
1.  13418E-00 
1. 11118E-00 
1 .08664E-00 
1 .06004E-00 
1 .03052E-00 
9 • 9640 1E-0 1 
9  •  53286E-01 
9  •  23680E-0 1 
8 . 54990E-0 1 


- 


■ 


■  -  :•  Owi 
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0  0.2  0.4  0.6  0.8  1.0 
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FIGURE  48.-  Redlich-  Kwong  Fluid,  Saturated  Relative  Heat  Ca¬ 


pacities  at  Constant  Volume  as  a  Function  of 
Temperature. 
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FIGURE  49.—  Redlich-Kwong  Fluid,  Saturated  Relative  Heat  Capacities 

at  Constant  Volume  as  a  Function  of  Temperature  Near 
the  Critical  Point. 
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TABLE  29. 


(1-Y) 


REDL I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  SATURATED 
RELATIVE  HEAT  CAPACITIES  AT  CONSTANT  VOLUME  AS  A  FUNCTION 
OF  TEMPERATURE 


Y  =  T/Tc 


(CVl*-Cy)  -  (CV(,-Cyc) 

2 

(Cy3-C?)  -  (CVc-C°c) 

R 

R 

1 • OOOOOE -00 
9 . OOOOOE -0 1 
8 • 50000E-0 1 
8 . OOOOOE -0 1 
7 • 50000E-01 
7 . OOOOOE -0 1 
6 • 50000E-0 I 
6 . OOOOOE -0 1 

5 . 5  OOOOE -0 1 
5 .OOOOOE-O 1 

4 . 5  OOOOE -0 1 
4. OOOOOE -01 
3 • 50000E-01 
3 • OOOOOE -0 1 
2 . 50000E-01 
2 . OOOOOE -0 1 
1 .50000E-01 
1 . OOOOOE -0 1 
5.00000E-02 
4.80000E-02 
4 . 6 OOOOE -02 
4. 4000 OE -02 
4.20000E-02 
4 .OOOOOE-O  2 
3 . 80000E -02 
3.60000E-02 
3 . 40000E -0  2 
3 .20000E-02 
3 • 00000E-02 
2 .80000E-02 
2 .60000E-02 
2 .40000E-02 
2 • 20000E-02 
2 .OOOOOE-O 2 
1 o  80000E-02 
1 .60000E-02 
1 .40000E-02 
1 .20000E-02 
1 .00000E-02 
8 .OOOOOE-O 3 
6 • 00000E-03 
4.00000E-03 
2 . OOOOOE -03 
1 .00000E-03 
0 . OOOOOE -99 


7.31008E-01 
7.3 1 008  E-0 1 
7.3 1008E-01 
7.3 1 008  E-0 1 
7.31008E-01 
7. 31008E-0 1 
7.30985E-01 
7 • 30706E-0 1 
7.291 44E-0 1 
7 • 239  87  E-0 1 
7. 12026E-01 
6.90 1 89E-0 1 
6.56310E-01 
6. 09270E-0 1 
5 . 48694E-0 1 
4 • 74480  E-0 1 
3.86261E-01 
2 • 82677E— 0 1 
1 . 59678E-01 
1. 54226E-01 
1 .48724E-01 
1.43 1 69E-0 1 
1 .37560E-01 
1.31 896E-0  1 
1 • 26173E-01 
1.20  390  E-0  1 
1 • 1 4544E— 0 1 
1.08632  E-0 1 
1 .02652E-01 
9.66001 E-0  2 
9 .047  22  E-02 
8.42  643  E-0  2 
7 . 79716E-02 
7.15885  E-0  2 
6.5 10  85  E-0  2 
5 • 85242  E-0  2 
5 • 1 8264E-02 
4. 50039E-0  2 
3 • 80426E-02 
3.09  243  E-0  2 
2 • 36233  E-02 
1.61015  E-02 
8.29142E— 03 
4. 23476E-03 
0 .00000E-99 


+  « 

6.32012E+03 
1 • 80904E+03 
7.3 1741E+02 
3 . 56604E+02 
1 . 94975E+02 
1 . 15099E+02 
7. 16681E+01 
4 . 6340 1 E+0 1 
3.07625  E  +  0 1 
2 . 07773E+0 1 
1 . 4 1646E+0 1 
9.671 18E-00 
6  •  55 58 9E-00 
4 . 36344E-00 
2 . 8  0504E-00 
1 .69280E-00 
9 .02423E-0 1 
3 . 5 2247E-0 1 
3 . 34454E-0 1 
3 . 16964E-0 1 
2  •  99776E-0 1 
2 . 82888E-01 
2.66300E-01 
2.500 10E-0 1 
2.34019E-01 
2. 18325E-01 
2.02928E-01 
1 • 87  8  29E-0 1 
1 .73029E-01 
1 .58528E-01 
1 .44328E-01 
1 .30431E-01 
1. 16840E-01 
1 . 03559E-0 1 
9 . 0593  2E-02 
7.7  9486E-02 
6 . 56344E-02 
5 . 366  20E-02 
4 • 20474E-02 
3.08 137E-02 
1 .99969E-02 
9.662  14E-03 
4.71824E-03 
0 • 00000E-99 


, 


.. 


153 


FIGURE  50.  -  Redlich- Kwong  Fluid,  Asymptotic  Function  of  the 

Saturated  Relative  Heat  Capacities  at  Constant 
Volume  as  a  Function  of  Temperature. 
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Subtracting  equations  229  and  230, 


(Gv  c  ”Gv1  ) 


3  a  (l+boO 

_  fn  _ _ _ 


(231) 


R 


Table  30  lists  values  of  the  differences  in  the  heat  capacities 
at  constant  volume  of  saturated  liquid  and  gas  as  a  function  of 
temperature.  These  same  data  are  illustrated  in  figures  51  and  52. 


FIGURE  51.  -  Redlich-Kwong  fluid,  differences  in  the  saturated  heat 


capacities  at  constant  volume  as  a  function  of  tempera¬ 


ture  . 


FIGURE  52.  -  Redlich-Kwong  fluid,  differences  in  the  saturated  heat 


capacities  at  constant  volume  as  a  function  of 


temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  differences  in  the 
heat  capacities  at  constant  volume  of  saturated  liquid  and  gas  are 
listed  in  table  31.  These  same  data  are  illustrated,  near  the 
critical  point,  in  figure  53. 


FIGURE  53.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 


differences  in  the  saturated  heat  capacities  at 
constant  volume  as  a  function  of  temperature. 


■ 


. 
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TABLE  30.  -  REDL I CH-KWONG  FLUID,  DIFFERENCES  IN  THE  SATURATED 

HEAT  CAPACITIES  AT  CONSTANT  VOLUME  AS  A  FUNCTION 
OF  TEMPERATURE 

Y  =  T/Tc 

Cy  “Cy 

v  3  V1 


0.00000E-99 
1 .00000E-01 
1 . 50000E-0 1 
2 • 00000E-01 
2 • 50000E-0 1 
3 • 00000E-01 
3 • 50000E-0 1 
4 . OOOOOE-O 1 
4 . 50000E-0 1 
5 • 00000E-01 
5.50000E-01 
6 • 00000E-01 
6 . 50000E— 0 1 
7 . 00000E-01 
7 . 50000E-0 1 
8.00000E-01 
8 . 50000E-0 1 
9 • 00000E-01 
9 . 50000E-0  1 
9.52000E-01 

9.5  4000E-0 1 
9 .56000E-01 
9 • 58000E-0 1 
9 .60000E-01 

9.6  2000E-0 1 
9.64000E-01 
9 . 66000E-0  1 
9.68000E-01 
9 . 70000E-0 1 
9 .72000E-01 

9.7  4000E-0 1 
9.76000E-01 
9.78000E-01 
9 • 80000E-01 

9 . 8  2000E-0 1 
9 • 84000E “0 1 
9 • 86000E-0 1 
9 • 88  OOOE-0 1 
9 . 90000E-0 1 
9.92000E-01 
9 . 94000E-0 1 
9.96  OOOE-0 1 
9 • 98000E-0 1 
9 . 99000E-0 1 
1 .00000E-00 


+  00 

8 • 03541 E+01 
4.3387  8E  +  01 
2 • 79057E+01 
1 • 97389E+01 
1 .48183E+01 
1. 15834E+01 
9.32051 E-00 
7.6612  5  E-00 
6.39727E-00 

5 . 402  02  E-00 
4. 59436E-00 
3. 91 998 E-00 
3 • 341 00E-00 
2 • 82962  E-00 
2. 36365 E-00 
1 • 92257E-00 
1 .48163E-00 
9.93102E-01 
9.71 037E-01 
9 .48643  E-0 1 
9.25895  E-01 
9 • 02764E-0 1 
8.7921 8E-01 
8 . 55219E-01 
8 • 30728E-01 
8 • 05696E-01 
7 • 8007  0E-01 
7.53787E-01 
7 • 26773E-01 
6 . 98  942  E-0 1 
6.70188E-01 

6 . 403  86  E-0 1 
6.09379E-01 
5.7697  0E-01 
5 . 42904  E-0 1 
5 • 06  847  E-0 1 
4. 68333E-01 
4. 26695E-01 
3 • 80907E-01 
3 • 29237E-01 
2 . 68302  E-01 
1.89353E-01 
1 .33764E-01 
0 • 00000E-99 


< 


■ 


=*U- 

. 
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FIGURE  51.  —  Redlich-Kwong  Fluid,  Differences  in  the  Saturated  Heat 

Capacities  at  Constant  Volume  as  a  Function  of 
Temperature. 
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URE  52.— Redlich-K wong  Fluid,  Differences  in  the  Saturated  Heat 
Capacities  at  Constant  Volume  as  a  Function  of  Temper 
ature  Near  the  Critical  Point. 
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TABLE  31 


-  REDLI CH¬ 
OI  FFEREM 
CONSTANT 


U-Y) 

l.OOOOOE 
9 • OOOOOE 
8.5Q000E 
8 .OOOOOE 
7 • 50000E 
7. OOOOOE 
6 .50000E 
6 .OOOOOE 
5.50000E 
5 .OOOOOE 
4.50000E 
4. OOOOOE 
3.50000E 
3. OOOOOE 
2.500Q0E 
2 .OOOOOE 
1.50000E 
l.OOOOOE 
5 .OOOOOE 
4.80000E 
4.60000E 
4 . 40000E 
4.20000E 
4. OOOOOE 
3.80000E 
3 . 6000bE 
3.40000E 
3 . 20000  E 
3. OOOOOE 
2.80000E 
2.60000E 
2.40000E 
2.20000E 
2 .OOOOOE 
1.80000E 
1 .60000E 
1 .40000E 
1 .20000E 
l.OOOOOE 
8 .OOOOOE 
6  .OOOOOE 
4. OOOOOE 
2. OOOOOE 
l.OOOOOE 
0. OOOOOE 


KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
CES  IN  THE  SATURATED  HEAT  CAPACITIES  AT 
VOLUME  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


-00 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
“01 
-01 
-01 
-02 
-02 
-0  2 
-02 
-02 
-02 
-02 
-02 
-0  2 
-02 
-02 
-02 
-02 
-02 
-02 
-02 
-02 
-02 
-02 
-02 
-02 
-03 
-0  3 
-03 
-03 
-03 
-99 


+  » 

6 . 45679E+03 
1 .88250E  +  03 
7 . 78729E  +  02 
3 . 8 9626E  +  02 
2. 19583E+02 
1.34175E+02 
8 • 68720E+01 
5. 86948E+01 
4.09251E+01 
2.91819E+01 
2. 11082E+01 
1  • 53662E  +  01 
1  .  11623E  +  01 
8.00677E-00 
5 . 58684E-00 
3.69630E-00 
2. 19523E-00 
9. 86252E-01 
9.42913E-01 
8. 999 25 E- 01 
8 . 57283E-01 
8. 14984E-01 
7. 73024E-01 
7.3 1400E-01 
6 . 90109E-01 
6.49146E-01 
6.0851 0E-01 
5.68195E-01 
5 . 28200E-01 
4. 88520E-01 
4. 491 53E-01 
4. 10095E-01 
3 . 71343E-01 
3 . 32894E-01 
2 . 94745  E-0 1 
2. 56893E-01 
2 . 19336E-01 
1 .82069E-01 
1 .45090E-01 
1 . 08397E-01 
7. 19862E-02 
3 • 58547E-02 
1 .78929E-02 
0 • 00000E-99 
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>URE  53.—  Redltch-Kwong  Fluid,  Asymptotic  Function  of  the 

Differences  in  the  Saturated  Heat  Capacities  at  Constant 
Volume  as  a  Function  of  Temperature. 


(x  ~  1 5 


‘>'11  ;0  noitjf.u  -?  )iiotqr  T bi,  .  fcrtow/;  -  ..  ilb-f.  -.££  3  „j, H 

^  vnoO  to  ee.t.DDQoO  tcrnH  t  ^muto£  •;  r-om  'i9rnC 

.eiuto;  qm9l  v>  no  i  to  rul  ^  >o  ?rAu!cV 


160 


SATURATED  RELATIVE  ENTHALPIES  OR  RELATIVE  HEAT  CONTENTS 
From  equation  91, 


L,  _  V  a[2bo?l  +  3  ( 1+bOfr )  In  (l+bai)] 
RTC  “  (l-bOi  )  "  2bY^  (  l+bQi  ) 


(232) 


L3  bCtf3Y  a[2bo,3  +  3(l+bo'3)  'Un.  (l+ba3)] 
RT^  =  (l-ba3)  "  2bYV2  (1+bQfa) 


(233) 


Values  of  these  functions  are  listed  in  table  32  as  a  function  of 
temperature.  These  same  data  are  illustrated  in  figures  54  and  55. 


FIGURE  54.  -  Redlich-Kwong  fluid,  saturated  relative  enthalpies  as 

a  function  of  temperature. 

FIGURE  55.  -  Redlich-Kwong  fluid,  saturated  relative  enthalpies  as 
a  function  of  temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  relative  enthalpies 
of  saturated  liquid  and  gas  as  a  function  of  temperature  are  given 
in  table  33.  These  same  data  are  illustrated,  near  the  critical 

point,  in  figure  56. 


FIGURE  56.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
saturated  relative  enthalpies  as  a  function  of 
temperature . 
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TABLE  32.  -  RED L I CH-KWONG  FLUID,  SATURATED  RELATIVE  ENTHALPIES 

AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc  L  =  H-H° 

y  ..  h.  _ia. 

RTC  RTC 


0  *  00000E-99 
1 »  OOOOOE -0 1 
1 .50000E-01 
2 .OOOOOE “0 1 
2 • 50000E-0 1 
3 . OOOOOE -0 1 
3.50000E-01 
4.00000E-01 
4  .  5 OOOOE “0  1 
5 .OOOOOE “0 1 

5.5  OOOOE -0 1 
6 • OOOOOE “0 1 
6 .50000E-01 
7 .OOOOOE -0 1 

7.5  OOOOE-O 1 
8. OOOOOE -01 
8. 5 OOOOE -01 
9. OOOOOE -01 
9 • 50000E— 0 1 
9 • 52000E-0 1 
9.54000E-01 
9.56000E-01 
9.58000E-01 
9. 6 OOOOE -01 
9.62000E-01 
9.64000E-01 
9.66000E-01 
9.68000E-01 
9 . 7  0  0  0 0 E  -  0  1 
9.72000E-01 
9. 74 000 E -01 
9 . 76000E— 0 1 
9 . 78000E-0 1 
9 . 80000E-0 1 
9 • 82000E-0 1 
9  «  84000E -0 1 
9.86000E-01 
9  » 88000E -0 1 
9 . 9 OOOOE -0 1 
9.92000E-01 
9 . 94000E -0 1 
9.96000E-01 
9.98000E-01 
9.99000E-01 
1 .00000E-00 


0 .00000E-99 
0.00000 E-99 
0 • 00000  E-99 
-7 . 20000  E-l 5 
-6.07689E-10 
-2.89289E-07 
-1.5331 8E-05 
-2.30721 E-04 
-1 .59604E-03 
-6 • 66271 E-03 
-1 .98014E-02 
-4. 65652  E-02 
-9 . 29052E-02 
-1.64874E-01 
-2 • 68983E-01 
-4.13286E-01 
-6 « 09734E-0 1 
-8.80270E-01 
-1 .28002E-00 
-1.30061E-00 
-1 .32173E-00 
- 1. 34340 E-00 
-1 .36567E-00 

—  1 . 388  5  7 E-00 
-1 .41215E-00 
— 1 . 43647E-00 
-1 .46157E-00 
-1.48754E-00 
-1 . 51 444E-00 
-I .54238E— 00 
-1 .57146E-00 
-1=60181 E-00 
-1 .63358E-00 

—  1  *  66699  E-00 
-1 .70226E-00 
-1.739  72  E-00 
— 1 . 77978E-00 
-1 .82302E-00 
-1 .87027E-00 
-1 .92278E-00 
-1 .98270E-00 
-2.0541 7  E-00 
—2 . 1479 1 E-00 
-2.2 1457  E-00 
-2.37664E-00 


_  03 

-1 .61708E  +  01 
-1 .31663E+01 
-1 .13622E  +  01 
-1.01 194E+01 
-9 . 19100E-00 
-8.45839E-00 
-7 « 85654E-00 
-7 . 34606E-00 
-6.901 16E-00 
-6 . 50370E-00 
-6 . 14004E-00 
-5 .79909E-00 
— 5 . 47 104E-00 
-5 . 14628E-00 
-4.81393E-00 
— 4.45950E— 00 
-4 . 05869E-00 
-3 . 55426E-00 
-3 . 52998E-00 
-3 . 50522E-00 
-3 .47 9 94 E-00 
-3 . 454  lOE-OO 
-3. 4 2 76 7 E-00 
- 3 .4005 9 E-00 
-3. 37282 E-00 
- 3 . 3  443  0  E - 0 0 
-3 ,3 1495 E-00 
—  3 . 2  8  4  6  9  E  —  00 
-3. 253 4 5 E-00 
-3.221 1QE-00 
-3. 187 51  E-00 
-3 . 15253E-00 
-3.11 597E-00 
—3 • 07757E-00 
-3 . 0370  IE-00 
-2  •  99390E-00 
-2.94763E— 00 
-2 . 89740E-00 
-2 . 84 194E-00 
-2.7791 1 E-00 
-2.7  047  6  E-00 
-2 .6  08  1.8 E-00 
-2. 540 11 E-00 
-2 . 37664E-00 


- 
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FIGURE  54.—  Redlich-Kwong  Fluid,  Saturated  Relative  Enthalpies 

as  a  Function  of  Temperature. 
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r 

FIGURE  55.  -  Redlich— Kwong  Fluid,  Saturated  Relative  Enthalpies 

as  a  Function  of  Temperature  Near  the  Critical 
Point. 
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TABLE  33*  -  RED L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  SATURATED 

RELATIVE  ENTHALPIES  AS  A  FUNCTION  OF  TEMPERATURE 


1 

9 

8 

8 

7 

7 
6 
6 
5 

3 

4 

4 
3 

3 
2 
2 
1 
1 

5 

4 
4 
4 
4 
4 
3 
3 
3 
3 

3 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 

8 

6 

4 
2 
1 
0 


Y  =  T/Tc 


L  =  H-H° 


(1-Y) 


.oooooe-oo 

. OOOOOE— 0 1 
.50000E-01 
. OOOOOE-O 1 
.50000E-01 
.OOOOOE-Ol 
.50000E-01 

•  OOOOOE -0 1 
.50000E-01 
« OOOOOE— 0 1 
.  50000E-0 1 

•  OOOOOE  ~0 1 
• 5OOO0E -0 1 
• OOOOOE ”0 1 

•  50000E-0 1 
. OOOOOE— 0 1 
«  5 0000 E -0 1 
.OOOOOE-Ol 
.00000E-02 
.80000E-02 
s  6  OOOOE -0  2 
. 4 0000 E -02 

•  2 OOOOE— 02 
« OOOOOE -02 
» 8  OOOOE  •••0  2 
« 6 OOOOE -02 
•40000E-02 
®  2 OOOOE— 02 

•  OOOOOE -0  2 
.  80000E-02 
.60000E-0  2 
.40000E-02 
« 2  OOOOE -0  2 
. 00000E-02 
.  80000E— 02 
« 60000E-02 
.40OOOE -0  2 

•  20000E-02 
eOOOOOE-02 

•  OOOOOE -03 
» 00000E-03 

•  00000E-03 
« OOOOOE -0 3 
. OOOOOE -03 
.  OOOOOE -99 


(hrh\2 

V  RTC  1 


5.64845E+00 
5 • 64845  E-00 
5 . 64  845  E— 0  0 
5  .  64845  E-00 
5 • 64845  E-0  0 
5  « 64845E-00 
5 . 64838E-00 
5 • 6473  5  E-00 
5  «  640 87 E-00 
5 . 61682E-00 
5 . 55472  E-00 

5  .  42928E-00 
5.21 547E-00 
4. 89194E-00 
4. 44224E-0  0 
3.85478E-00 
3.12 1 98  E-0  0 
2.239 1 4E-00 
1.20  258  E-0  0 
1 . 15784E-00 
1. 11284E-00 
1 .06758E-00 
1.0 2 20 6 E-00 
9 . 762  84 E-0 1 
9. 30  23 9 E-0 1 
8.83929E-01 
8 • 373 51 E-0 1 
7 . 90504E-0 1 
7  •  43 3  86  E-0  1 
6 • 95993E-0 1 
6 .48322  E-0 1 

6  o 00372 E—0 1 
5.521 36E-0 1 
5.03611 E-0 1 
4. 54792  E-0  1 
4.05671E-01 
3.56242  E-0  1 
3 . 06493  E-0 1 
2 • 56414E— 0 1 
2 .05988E-01 
1. 55190E-01 
1 .0398  8  E-0 1 
5.23180  E-0  2 
2 . 62670E-02 
0 . 00000  E-99 


L3  -LC  \3 


V  RTC 

+  « 

1 

.  90  279E 

+02 

1 

. 16417E+02 

8 

.074 17E+0 1 

5 

. 995 15E+0 1 

4 

. 643  54E+0 1 

3 

.69876E 

+  01 

3 

.00293E 

T 

O 

1 — 1 

2 

.4695  IE 

+01 

2 

. 047 1 2  E+0 1 

1 

.70325E 

+01 

1 

.4163 1 E+0 1 

1 

.  17 13  1 E 

+01 

9 

.5753  IE 

-00 

7 

.  6 708 6 E 

-00 

5 

. 94037E 

-00 

4 

.  33828E 

-00 

2 

. 8  29  28  E 

-00 

1 

• 38677E 

-00 

1 

. 330 19  E 

-00 

1 

. 27369E 

-00 

1 

. 2 17 26 E 

-00 

1 

.  16  09  2  E 

-00 

1 

.  10465E- 

-00 

. 04847  E 

-00 

9 

.923 72 E 

-01 

9 

.3635  IE 

-01 

8 

.804 1 2  E 

-01 

8 

. 2455  7  E 

-01 

7 

.687  86E 

-01 

7 

0 13103E 

-01 

6 

. 57509E 

-01 

6 

.  02006E 

-01 

5 

.46599E 

-01 

4 

. 9 1 29  2  E 

-01 

4 

.  36090E 

-01 

3 

.  8 1000E 

-01 

3 

. 26030E 

-01 

2 

.71193E 

-01 

2 

.  16502E 

-01 

1 

. 6 198  1 E 

-01 

1 

. 07663E 

-01 

5 

.  36  100E 

-02 

2 

. 67  225  E 

-02 

0 

.OOOOOE 

-99 

- 

50 

25 

00 

75 

50 

25 

0 
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3URE  56.  -  Redlich  -  Kwong  Fluid 
Saturated  Relative 
Temperature. 
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HEAT  OF  VAPORIZATION 


Since  (18) 


ASy 


=  £2l  =  i_  _  ia. 


(234) 


then,  in  reduced  variables, 


ASy  /  AHy  ^  1  ^ 

R  =  VRT^  _ 


J_ _  (h_  h-)± 

)  Y  \RT_  RT./  Y  ’ 


(235) 


where  AHV  is  the  heat  of  vaporization.  Therefore,  from  equations 
226  and  235, 


AHv  -  v  tn  ^a-boQ  |  a  (i+b<»3) 

RT0  Y  W  0%  (1-bQfg)  +  ZbyV?  ^  (1+bOi)  ’ 

The  value  of  the  heat  of  vaporization  for  a  Redlich-Kwong  fluid  at 
the  absolute  zero  may  be  determined  in  the  following  way. 

From  equation  200  we  see  that  as  Y— 0  where,  for  a  Redlich-Kwong 
fluid,  0^-0  and  a3— 1/b, 


(236) 


lim 
Y-0 
C^-0 
<*3-l/b 


y3<r 


lim 

Y-0 

Q^-0 


(l+ba3) 


or3  (l-ba3 


lim 
Y-0  [2 
Q^-0 
a3-l/b 


2b 


(l-ba3) 


(237) 


0f3-l/b 

or,  from  equations  200  and  237,  we  find  that 


lim 
Y-0 
C^-0 

a3-l/b 


lim 
Y-0 
Qli  —0 

a3-l/b 


E2asb  1 

(l-b«3)J 


1/3 


(238) 


Also,  from  equation  237,  we  find  that 


. 
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1  im  [y 1 

y-^o 

c^-o 

Ot3~*l/b 


lim 

Y~K) 


“late 


a(l-ba3) 


2b 


-0 

Q^l/b 


(239) 


Thus,  we  see  that  as  Y“K)  where  d^-K)  and  ot3-*l/b,  equation.  232  assumes 
the  form 


lim 
Y“*0 

0tQ-*  1/b 


Ll 

1  •  __ 

aL2boc1  +  ( 1+bai  )] 

RTC 

—  -  lim 

Y-+0 

2bY3/s 

Qfx  ~*0 

o^l/h 


lim 

y*o 

a^O 

a3-»l/b 


5aa 

2y^ 


lim 

y-k) 

ot^O 

0f3^l/b 


Sa^bo i 

23feba'3(l-ba3)3A 


(240) 


Also,  as  Y"*0  where  a^-K)  and  a3~^l/b,  equation  233  assumes  the  form 


lim 

-  — 

Ls 

-  lim 

1  p 

1 _ 

Y“K) 

Y-0 

<^-*0 

-"0 

<V»l/b 

or3-l/b 

Y 

( 1-bo's) 


a[l+3-tn2] 

2bY^ 


(241) 


Substituting  equations 


238  and  239  in  equation  241,  we  find 


lim 

Y-K) 


0^-0 

or3-l/b 


lim 

Y-K) 


3  a2*3  ^2 

2afe  b^3  ( l-ba3 ) 3/13 


c^-K) 

as^l/b 


(242) 


Therefore,  from  equations  235,  240,  and  242,  we  find 


. 


)  r\  ■,  D  9."  rfw  0  £&■  t  oc  ■  . 
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lim 
Y-K) 

0^  “O 
a3->l/b 


— •  — 

AHy 

1 

=  lim 

h  -Ls 

RTC 

RTC 

Y-0 

o^l/h 


lim 

y-*o 
c^-o 
cr3— l/b 


a3'3(3-m2-5bQi) 

2a&ba/3(l-ba3)1-A 


=  +  00 


(243) 


Thus,  the  heat  of  vaporization  for  a  Redlich-Kwong  fluid  at 
absolute  zero  is  infinite. 

Landau  and  Lifshitz  (17)  say  that  for  temperatures  appreciably 

below  the  critical  temperature,  AHV /RTC  is  approximately  equal  to 

AHV 


10;  Barieau  (5)  shows  that  for  a  van  der  Waals  fluid 


RT„ 


=  3.375 


Y=0 


Table  34  lists  values  of  the  heat  of  vaporization  as  a  function 
of  temperature.  These  same  data  are  illustrated  in  figures  57  and  58 


FIGURE  57.  -  Redlich-Kwong  fluid,  heat  of  vaporization  as  a 
function  of  temperature. 

FIGURE  58.  -  Redlich-Kwong  fluid,  heat  of  vaporization  as  a 

function  of  temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  heat  of  vaporization 
as  a  function  of  (1-Y)  are  listed  in  table  35.  These  same  data  are 
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TABLE  34c  -  RED L I CH-KWONG  FLUID,  HEAT  DF  VAPORIZATION  AS  A 

FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


AHV 

RTC 


0.00000E-99 
1  .OOOOOE-Ol 

1  •  50000E-0 1 
2. OOOOOE-Ol 

2  •  50000E-0 1 

3  .OOOOOE-Ol 
3  •  50000E-0  1 
4. OOOOOE-Ol 
4.50000E-01 

5  . OOOOOE-Ol 
5 . 50000E-0 1 

6  .OOOOOE-Ol 
6.50000E-01 

7  .OOOOOE-Ol 

7  •  50000E-0 1 

8  .OOOOOE-Ol 
8 . 50000E -0  1 
9. OOOOOE-Ol 
9 • 50000E-0  1 

9.5  20Q0E-01 

9 . 5  4000E -0  1 
9 . 56000E -01 
9 . 58000E-0 1 
9 .60000E-01 

9 .6  2000E-0 1 
9 .64000E-01 
9.66000E-01 
9.68000E-01 
9 . 70000E-0 1 
9.72000E-01 
9 . 74000E-0 1 
9.76000E-01 
9 . 78000E-0 1 
9 • 80000E -0 1 
9 . 82000E-0 1 
9.84000E-01 
9 • 86000E-0 1 
9.88000E-01 
9 • 90000E-0 1 
9.92000E-01 
9 • 94000E-0 1 
9.96000E-01 
9 • 98000E-0 1 
9 . 99000E -0 1 
1 .00000E-00 


+  00 

1 .61708E  +  01 
1 .31663E  +  01 
1  .  13622E  +  01 
1 .01194E  +  01 
9.191 00E-00 
8 • 45837E-00 
7.85631 E-00 
7 . 34447E-00 
6 . 89449E-00 
6.48390E-00 
6 . 09347 E-00 
5.7061 8E-00 
5.3061 7  E-00 
4. 87729E-00 
4.40064E— 00 
3. 8-97 6 F- 00 
3. 1 7842  E-00 
2 . 27423E-00 
2 . 22 937E-00 
2 . 1 8349  E-00 
2. 13653E-00 
2.08843 E-00 
2. 039 09 E-00 
1 .98844E-00 
1 . 93635 E-00 
1 • 88272E— 00 
1 . 82  740E-00 
1 .77024E-00 
1 .71 106 E-00 
1 • 64963  E-00 
1 . 58570E-00 
1.51 894E-00 
1 .44897E-00 
1 .37530E-00 
1 .29729E-00 
1.21411 E-00 
1 . 12461E-00 
1.02713  E-00 
9.191 57E-0 1 
7 • 96412  E-0 1 
6.50593E-01 
4. 60269E-01 
3 • 25541 E-01 
0.00000 E-99 


f 


t— - 

; 


20 

I  8 

I  6 

I  4 

I  2 

I  0 

8 

6 

4 

2 

0 
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57,-Redlich-Kwong  Fluid,  Heat  of  Vaporization  as  a  Function 
of  Temperature. 


. 
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X 

FIGURE  58.—  Redlich-Kwong  Fluid,  Heat  of  Vaporization  as  a 

Function  of  Temperature  Near  the  Critical  Point. 
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TABLE  35. 


REDLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  HEAT 
OF  VAPORIZATION  AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc 


(1-Y) 

1 .00000E-00 
9.00000E-01 
8.50000E-01 
8 • OOOOOE-O I 
7 • 50000E-01 

7  •  OOOOOE-O 1 
6.50000E-01 
6  .OOOOOE-O 1 
5 • 50000E-0 1 
5  .OOOOOE-O 1 
4.50000E-01 
4  •  OOOOOE-O 1 
3.50000E-01 
3  •  OOOOOE-O 1 
2.50000E-01 
2 • OOOOOE-O 1 
1 .50000E-01 
1 • OOOOOE-O 1 
5 .00000E-02 
4.80000E-02 
4.60000E-02 
4.40000E-02 
4 • 20000E-02 
4.  OOOOOE-O 2 
3 • 80000E -02 
3.60000E-02 
3.40000E-02 
3  •  20000E-0  2 
3.00000E-02 
2. 80000E-02 
2.60000E-02 
2.40000E-02 
2.20000E-02 
2  •  00000E-02 
1 .80000E-02 
1 .60000E-02 
1 .40000E-02 
1. 20000E-02 
1 .00000E-02 

8  •  OOOOOE-O  3 
6 .00000E-03 
4 .  OOOOOE-O  3 
2 • OOOOOE -03 
1  •  00000E-03 
0.00000E-99 


AHV  \3 
RT  J 
+  w 

2.61 495  E  +  02 
1 . 73352  E  +  02 
1.29101 E+02 
1 .02403E  +  02 
8 • 44745  E  +  0 1 
7. 15441E+01 
6. 17217E+01 
5 .3941 2  E  +  0 1 
4.75341 E+01 
4. 20409E+01 
3.71 3  04E  +  0 1 
3 .25605E+01 
2 . 8 1 554E+0 1 
2. 37880E+01 
1.93657 E+01 
1  . 482  07  E  +  0 1 
1.01023 E+01 
5.17215  E-00 
4.97  009E-00 
4. 76764E-00 
4. 56479E-00 
4. 361 55E-00 
4. 15792E-00 
3.953  89E-00 
3 • 74946  E-00 
3 . 54464E-00 
3  •  33  94 1 E-00 
3. 13378E-00 
2. 92775 E-00 
2. 72131 E-00 
2 • 51446E-00 
2 . 30720E-00 
2 . 09954E-00 
1 .89146E-00 
1 . 68297E-00 
1 . 47406  E-00 
1 .26474E-00 
1 .05500E-00 
8 • 44850E-01 
6 • 34272E-01 
4.23271E-01 
2.1 1 848E-01 
1 . 05977  E-0 1 
0.00000E-99 


' 
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illustrated,  near  the  critical  point,  in  figure  59. 


FIGURE  59.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the  heat 
of  vaporization  as  a  function  of  temperature. 


SATURATED  RELATIVE  HEAT  CAPACITIES  AT  CONSTANT  PRESSURE 
From  equation  104, 


it  “  4by^  'tn<1+bai  >  ‘  1  + 


[V^d+boQ  +  (atyL/2)(l-boL)? 

[Y*  (l+b%  )2  -  ao^  (1-bo^  )2  (2+bo1  )  ] 


i  -  3a  .  ,  .  [Y^(l+btt3)  +  (aQf3/2)  (l-bor3)P 

R  _  4 bY35"  'm^1+b0,3->  *  1  +  y^2[y^’  (l+ba3)2  -  ao3  (l-bo?3)2  (2+b0f3)  ]  ’ 

Values  of  the  relative  heat  capacities  at  constant  pressure  of 
saturated  liquid  and  gas  are  listed  in  table  36  as  a  function  of 
temperature.  These  same  data  are  illustrated  in  figures  60  and  61. 


FIGURE  60.  -  Redlich-Kwong  fluid,  saturated  relative  heat  capacities 
at  constant  pressure  as  a  function  of  temperature. 

FIGURE  61.  -  Redlich-Kwong  fluid,  saturated  relative  heat  capacities 
at  constant  pressure  as  a  function  of  temperature  near 
the  critical  point. 


(244) 

(245) 


Values  of  the  asymptotic  function  of  the  relative  heat  capaci¬ 
ties  at  constant  pressure  of  saturated  liquid  and  gas  as  a  function 


■V/l- 


H  V 
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(l-y) 

FIGURE  59.  ~  Redlfch  -  Kwong  Fluid,  Asymptotic  Function  of  the 

Hea+  of  Vaporization  as  a  Function  of  Tem¬ 
perature. 
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TABLE  36. 


RED L I CH-KWONG  FLUID,  SATURATED  RELATIVE  HEAT  CAPACITIES 
AT  CONSTANT  PRESSURE  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


J  =  Cp-C° 


Y 

0 .00000E-99 
1 .OOOOOE-Ol 
1 .50000E-01 
2 .OOOOOE-Ol 
2 • 50000E -0 1 
3 .OOOOOE-Ol 
3 • 50000E -0 1 
4. OOOOOE-Ol 
4.50000E-01 
5. OOOOOE-Ol 

5  •  50000E -0 1 

6  .OOOOOE-Ol 
6 • 50000E -0 1 
7. OOOOOE-Ol 

7 . 5  OOOOE -0 1 
8 .OOOOOE-Ol 
8 • 50000E-0 1 
9. OOOOOE-Ol 
9 . 50000E -0 1 
9.52000E-01 
9 . 54000E -0 1 
9 . 56000E -0 1 
9.58000E-01 

9.6  OOOOE -0 1 
9.62000E-01 
9.64000E-01 
9.66000E-01 
9.68000E-01 
9.70000E-01 
9 • 72000E-0 1 
9 . 74000E -0 1 
9.76000E-01 
9.78000E-01 
9.8  OOOOE -0 1 
9.82000E-01 
9 • 84000E-01 
9.86000E-01 
9 • 88000E-01 
9 . 90000E -0 1 
9 • 92000E-0 1 
9.94000E-01 
9 • 96000E -0 1 
9 . 98000E -0 1 
9 • 99000E -0 1 
1 . OOOOOE -00 


R 

0 .00000E-99 
0.00000 E-99 
0 .00000E-99 
1. 10000E-13 
3 • 68347E-0  9 
1 .46597E-06 
6.683 14E-05 
8 • 83650  E-04 
5 • 4660 1 E-0  3 
2.07537E-02 
5.7151 3  E-0  2 
1.27 1 80  E-0 1 
2 • 45942  E-0 1 
4.34890E-01 
7 • 309 1 2  E-0 1 
1 .20833E-00 
2.04440E-00 
3.78401E-00 
9.23401 E-00 
9.69  75  8  E-00 
1 .02026E+01 
1 .07550E+01 
1 . 13614E+01 
1 • 20303E+0 1 
1.2771 5E+0 1 
1 .35974E+01 
1.45230E+01 
1 . 55674E+01 
1 .67548E+01 
1.81 160  E  +  0 1 
1.9691 9  E+0 1 
2. 15368E+01 
2.37251E+01 
2.63611 E+0 1 
2.95959E+01 
3 • 36567E+01 
3.89018E+01 
4. 59298E+01 
5.58222  E+0 1 
7 • 07494E+01 
9 • 57968E+0 1 
1.46292  E  +  02 
2 . 99350E+02 
6.08297E+02 
+  oo 


R 

+  00 

8 . 16486E+0 1 
4.47215E+01 
2  •  92886E+0 1 
2. 11814E+01 
1 .63318E+01 
1 . 3 18 15E+0 1 
1. 10196E+01 
9 . 48  2 1 9E-00 
8.3678 1 E-00 
7 • 55999E-00 
6.99 157E-00 
6.62856E-00 
6 .465 16E-00 
6.52942E-00 
6 . 90846  E-00 
7.83 163E-00 
1 . 0006 1 E+0 1 
1 .69337E+01 
1 .75134E+01 
1.8 1433E+0 1 
1 .88 300 E+0 1 
1.95815E+01 
2 . 04074E+0 1 
2.13 194E+0 1 
2.233 14E+0 1 
2 . 346 10E+0 1 
2 . 473  OOE+0 1 
2.61658E+01 
2 .78037E+01 
2 . 96899E+0 1 
3. 18855E+01 
3.44742E+01 
3 • 75723E+01 
4. 13479E+01 
4.60523E+01 
5 • 20793E+0 1 
6 • 00837E+0 1 
7. 12402E+01 
8 . 78907E+01 
1. 15478E+02 
1 .70261E+02 
3 • 33057E+02 
6 .5583 1E+02 

+  CO 


- 


. 

i 
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FIGURE  60.- Redlich  -  Kwong  Fluid,  Saturated  Relative  Heat  Capacities 

at  Constant  Pressure  as  a  Function  of  Temperature. 


100 

90 

80 

70 

60 

50 

40 

30 

20 

I  0 

0 

0.' 


177 


0.9  6 


0.97 


0.98 


0.99 


.00 


Y 


'URE  6 1.—  Redlich-Kwong  Fluid,  Saturated  Relative  Heat  Capacities 
at  Constant  Pressure  as  a  Function  of  Temperature 
Near  the  Critical  Point. 


of  (1-Y)  are  listed  in  table  37.  These  same  data  are  illustrated, 
near  the  critical  point,  in  figure  62. 
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FIGURE  62.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
saturated  relative  heat  capacities  at  constant 
pressure  as  a  function  of  temperature. 


The  value  of  lim(l-Y)  -r-  may  be  evaluated  in  the  following  way. 
Y“*l  R 

OTl 


We  have  from  equation  103, 


_J 

R 


(Cy  -C?  ) 
R 


YZC  p2 


-  1  + 


Y 


(103) 


From  equations  6  and  16  of  reference  3,  we  may  write 


P.P*  -  (|f)T  =  P  4-  (M  =  P^tn^+Cat+Zto3]  , 


Op  A 


(246) 


where  |jL  is  the  chemical  potential  and  (3) 


A  =  P. 


at 


a  =  a-1  ; 

p  =  P-i  ; 

t  =  Y-l  ; 

(P^).  •  8.21592 


(247) 

(248) 

(249) 

(250) 


P 


2  raaa 


T  =3.21736 


C  =  - 


pat  +  paat  =  *(@«y)o  •'  •  +  (Ptm)o  ■'  •  =  -2‘44494  J 


(251) 

(252) 


“  i  [”3paaa  +  paaaa]  “  T  [-3«W°  -  +  <W°  •"  •]  =  '2-59573  ' 


(253) 
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TABLE  37. 


(1-Y) 


RED L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  SATURATED 
RELATIVE  HEAT  CAPACITIES  AT  CONSTANT  PRESSURE  AS  A  FUNCTION 
OF  TEMPERATURE 


Y  “  T/Tc 


(l-Y)^ 

R 


J  =  Cp-Cp 


(l-Y)Ja 

R 


1 • OOOOOE -00 
9 • 00000E-01 
8 . 50000E -0 1 
8 • OOOOOE -0 1 
7 • 5  OOOOE— 0 1 
7 • OOOOOE-O 1 
6 • 5  OOOOE -0 1 
6 • OOOOOE-O 1 
5 • 50000E -0 1 
5 • OOOOOE-O 1 
4.50000E-01 
4 • OOOOOE-O 1 
3 .50000E-0 1 
3 • OOOOOE-O 1 
2.50000E-01 
2 . OOOOOE-O 1 
1 .50000E-01 
1 .00000E-01 
5 .OOOOOE-O  2 
4.80000E— 02 
4.60000E— 02 
4.40000E-02 
4.20000E-02 
4 . 00000E-02 
3.80000E-02 
3 .60000E-02 
3 .40000E-0  2 
3 . 20000E-02 
3 .00000E-02 
2 • 80000E-02 
2.60000E-02 
2.40000E-02 
2 .20000E-02 
2 • OOOOOE— 02 
1 .80000E-02 
1 . 60000E-02 
1 .40000E-02 
1 .20000E-02 
1 .0000OE-02 
8 • OOOOOE— 03 
6 .OOOOOE-O  3 
4 . 00000E-03 
2.00000E-03 
1 .00000E-03 
0 . OOOOOE -99 


0 • 00000  E-99 
0 .00000E-99 
0.00000 E-99 
8 . 80000  E  — 14 
2.76260  E-09 
1 .02618E-06 
4. 34404E-0  5 
5.30190E-04 
3 • 00630  E-03 
1 .03768E-02 
2.57180  E-0  2 
5.08723E-02 
8.60797E-02 
1 .30467E-01 
1 . 82728E-0 1 
2 . 41667E-01 
3.06660  E-0  1 
3.7  840 1 E-0 1 
4.61700  E-0 1 
4 • 65484E-0 1 
4.69322  E-0 1 
4 . 73220E-0 1 
4.77182  E-0 1 
4 . 8 1 2 1 3  E-0 1 
4. 85319E-01 
4. 89507E-01 
4. 93784E— 0 1 
4.981 59E-0 1 
5.0  2  644  E-0 1 
5 • 07249E-01 
5.1 1 990  E-0 1 
5. 16884E-01 
5.21 9  53  E-0 1 
5 • 27222E-01 
5 • 32726E-0 1 
5.38508E-01 
5.4462  5  E-0 1 
5.5115  8  E-0 1 
5.58  222  E-0  1 
5 • 6  599  5  E-0 1 
5 . 7478 1 E-0 1 
5.8517  0  E-0 1 
5.98701 E-0 1 
6 • 0  8297E-0 1 
6.31 724E-0 1 


+  « 

7 • 34838E+01 
3.80133E+01 
2 . 34308E+01 
1.58860E+01 
1. 14323E+01 
8.56801E-00 
6.61 177E-00 
5 • 21520E-00 
4. 18390E-00 
3 .40 199E-00 
2 . 7  966 2 E-00 
2 . 3 1999E-00 
1 .93955E-00 
1 . 63235E-00 
1 . 38169E-00 
1.  17474E-00 
1.0006  1  E-00 
8.46686E-01 
8.40647E-01 
8 • 34594E-0 1 
8 . 28  5  2 1 E-0 1 
8 . 22425  E-0 1 
8  o  16 299E-0 1 
8 . 10 137E-0 1 
8 .03932E-01 
7 .97677E-01 
7.9136 1 E-0 1 
7 . 8497  5  E-0 1 
7.785  05E-0 1 
7.7 1937E-0  1 
7 . 65  2  54E-0 1 
7 . 5  843  2 E-0  1 
7.5 1446E-0 1 
7.44262E-01 
7 . 36836E-0 1 
7 . 29 1 10E-0 1 
7.2 1 004E-0 1 
7. 12402E-01 
7.031 25E-0 1 
6.9287 1E-0  1 
6.8 1047E-0 1 
6 . 66 1 1 5  E-0  1 
6.55831 E-0 1 
6.317  24E-0 1 


, 


. 

•  . 

(I  -y )  J 
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FIGURE  62.- Redlich-Kwonq  Flufd,  Asymptotic  Function  of  the  Sat¬ 
urated  Relative  Heat  Capacities  at  Constant  Pressure 
as  a  Function  of  Temperarure. 
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Tine  numerical  values  given  in  equations  250-253  are  specific  for  a 
Redlich-Kwong  fluid. 

In  equation  246,  terms  of  the  order  of  a4  have  been  neglected. 
From  equations  246  and  247,  it  follows  that 


of  3^  =  ( 1-kz) '  [A t-hE?a2  +Cfc  t+Da3  ] 


(254) 


From  a  previous  report  (3) ,  it  can  be  shown  that 

t  =  -  a2  [l+Afa] 


(255) 


where  M  is  defined  by  equation  205  of  this  report 
From  equation  255,  we  find  that 


B 


At  +  Ba  =  —  a2[2-Mz]  ; 


(256) 


Cat  +  Ba3  = 


D  - 


BC 
3  A 


i 

(1-hVo)  jo‘ 


(257) 


Adding  equations  256  and  257  and  ignoring  terms  of  the  order  of  a , 


[A  t-h9a2  -H7a  t+Da3  ]  =  a2 


m  +  u  .  m .  m\a 

L3  V  3  371  r. 


(258) 


Substituting  equation  258  in  equation  254,  we  find  sufficiently 


close  to  the  critical  point, 


-  [Hi  ,  .  T)  BM  BCYl* 

l_3  +  l  '  3  '  3A/  J 


(259) 


Substituting  equations  173,  247,  and  251  in  equation  259,  we 
finally  have,  sufficiently  close  to  the  critical  point. 


a?ea  =  2(l-Y)(@aY)0.p. 


(260) 


< 
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From  equation  260  and  equation  103,  we  find 


lim(l-Y)  -f- 
Y-l  R 

cr»l 


Zc  (PY)f  .P 

2(3^0  .P 


<261) 


or,  substituting  equations  23,  51,  and  178  in  equation  261,  we  find 
for  a  Redlich-Kwong  fluid, 


lim(l-Y)  ir  =  0.631724 

Y~»i  K 

or+1 


(262) 


*^3  ”*^1  ^Ps“^pi 

Values  of  — - —  =  - - -  as  a  function  of  Y  are  listed  in 

K  K 

table  38  and  are  illustrated  in  figures  63  and  64. 


FIGURE  63.  -  Redlich-Kwong  fluid,  differences  in  the  saturated  heat 
capacities  at  constant  pressure  as  a  function  of 
temperature . 

FIGURE  64.  -  Redlich-Kwong  fluid,  differences  in  the  saturated  heat 
capacities  at  constant  pressure  as  a  function  of 
temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  differences  in  the 
heat  capacities  at  constant  pressure  of  saturated  liquid  and  gas 
are  listed  in  table  39  as  a  function  of  (1-Y) .  These  same  data. 


.  «ma.o  (Y-i)«ii 
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TABLE  38.  -  RED L I CH-KWO NG  FLUID,  DIFFERENCES  IN  THE  SATURATED 

HEAT  CAPACITIES  AT  CONSTANT  PRESSURE  AS  A  FUNCTION 
OF  TEMPERATURE 

V  =  T/Tc 


Y 


j  =  cp-e° 

■J3  ~  J1 

R 


0.00000E-99 
l.OOOOOE-Ol 
1 .50000E-01 
2 .OOOOOE-O 1 
2.50000E-01 
3  .  OOOOOE-O 1 
3 • 5  OOOOE-0 1 
4 • OOOOOE-O 1 
4 • 5  OOOOE -0 1 
5  .OOOOOE-O 1 
5 .50000E-01 
6 .OOOOOE-O 1 
6 • 5  OOOOE -0 1 
7  .OOOOOE-O 1 

7 . 5  OOOOE -0 1 
8.  OOOOOE-O 1 
8 .50000E-01 
9. OOOOOE-O 1 
9.50000E-01 

9.5  2000E-0 1 
9 • 54000E-01 
9  •  56000E-0 1 
9.58000E-01 
9.60000E-01 
9.62000E-01 
9.64000E-01 
9.66000E-01 
9.68000E-01 
9 • 70000E-01 
9.7  2000E-0 1 
9.74000E-01 
9  •  76000E-0 1 
9.78000E-01 
9  •  80000E-0 1 
9  •  82000E-01 
9.84000E-01 
9.86000E-01 
9 . 88000E-0 1 
9 .90000E-01 
9  •  92000E-0 1 
9.94000E-01 
9  •  96000E-0 1 
9.98000E-01 
9  •  99000E-0 1 
1 .00000E-00 


+  00 


8 

. 16486E+ 

01 

4 

. 472 1 5  E  + 

01 

2 

. 92886E+ 

01 

2 

. 11814E+ 

01 

1 

. 633 1 8  E  + 

01 

1 

. 31814E+ 

01 

1 

. 10187E+ 

01 

9 

. 47672  E- 

00 

8 

. 347  06  E- 

00 

7 

. 50284E- 

00 

6 

. 86439E- 

00 

6 

. 38262  E- 

00 

6 

» 03027E- 

00 

5 

.79851E- 

00 

5 

. 7  00 1 2  E- 

00 

5 

. 78722E- 

00 

6 

.22217E- 

00 

7 

.69972E- 

00 

7 

. 8 1 59 1 E- 

■00 

7 

. 94069E- 

00 

8 

. 07  5  03  E- 

00 

8 

. 22007E- 

00 

8 

.37714E- 

■00 

8 

.54784E- 

00 

8 

.73404E- 

■00 

8 

. 93802  E- 

00 

9 

o 16255E- 

■00 

9 

.41103E- 

■00 

9 

. 6  877 1 E- 

•00 

9 

. 99796  E- 

00 

1 

. 03487  E  +  0 1 

1 

. 07490E+ 

■01 

1 

. 12112E+ 

•01 

1 

. 17520E+ 

01 

1 

.2395  5  E  +  0 1 

1 

. 31 775  E  + 

■01 

1 

.41538E4 

•01 

1 

. 54179E+01 

1 

.71412E+ 

•01 

1 

. 96817E+ 

01 

2 

• 39694E+ 

■01 

3 

. 37067E+ 

01 

4 

. 7  533  5  E  + 

■01 

+  00 


I 


■ 
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FIGURE  63.  —  Redllch-Kwong  Fluid,  Differences  in  the  Saturated  Heat 

Capacities  at  Constant  Pressure  as  a  Function  of 
T  emperature. 
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•  LIRE  64.  —  Redlich-Kwong  Fluid,  Differences  in  the  Saturated  Heat 
Capacities  at  Constant  Pressure  as  a  Function  of  Tem¬ 
perature  Near  the  Critica1  Point. 
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.  -  RED  L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
DIFFERENCES  IN  THE  SATURATED  HEAT  CAPACITIES  AT 
CONSTANT  PRESSURE  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 
(1-Y) 

1 .00000E-00 
9 • OOOOOE-O 1 
8 . 5  OOOO  E -0 1 
8. OOOOOE-O 1 
7 . 50000E-01 
7. OOOOOE-O  1 
6 • 5 0000 E -01 
6 .OOOOOE-O 1 
5 . 50000 E -01 
5 . OOOOOE-O 1 
4 . 50000E -0 1 
4. OOOOOE-O 1 
3 • 5  0000 E -0 1 
3 . OOOOOE-O 1 
2. 5 0 000 E -01 
2. OOOOOE-O 1 
1 .50000E-01 
1  .OOOOOE-O  1 
5 .OOOOOE-O 2 
4 . 80000 E -02 
4 . 6 0000 E -02 
4 .40000E-Q 2 
4 . 2 0 000 E— 02 
4. OOOOOE-O 2 
3.80000E-02 
3 . 60000E-0 2 
3.40000E-02 
3. 200 ODE -02 
3.00000E-02 
2 . 80000F-0  2 
2.60000E-02 
2 . 40000E-0  2 
2. 20000E-02 
2..00000E-02 
1 .80000F-02 
1.60000E-02 
1 .40000E-02 
1 . 20000E-0 2 
1.00000E-02 
8  •  000 OOF— 0  3 
6 . OOOOOE -03 
4  .OOOOOE-O 3 
2 . OOOOOE -03 
1.  OOOOOE -03 
0 .OOOOOE -99 


J  =  cp-c£ 

,  .  rJo-J,  i2 

(i-y)L^rL] 

+  °° 

5  •  99985E+03 
1. 70001 E+03 
6 . 86258E+02 
3 • 36488 E +02 
1. 86711 E+ 02 
1 . 12938E+02 
7. 28477 E+01 
4, 93945E+01 
3 • 48367E+0 1 
2 • 5331 7E  +  Q1 
1 .88479E+01 
1 . 42582E+01 

1  • 09092E  +  0  1 

8. 4056 8 E- 00 
6.49829F-00 
5 . 02380E-00 
3.E  155E-00 
2 , 96428E-00 
•o'.  224E-00 

2. 9005 IE -00 
2 • 8690 7 E  —  0 0 
2 . 8  3  7  9  2  E  -  0  0 
2.80706E-00 

2  •  77649E-00 
2 • 7462 OF- 00 
2 . 71620E-0C 
2. 686479-00 
2 . 65702 E-00 
2 . 6  2  7  8  5  E -  0  0 
2  598936-00 
2. 5 7 0 3 0 E - 0 0 
2 , 54193E-00 
2. 51382E-00 
2 .485976-00 
2 . 4583  8E-00 
2.43105  E-00 
2. 4039 7 E-00 
2.37 7 14E-00 
2.35056E-00 
2 • 32423E-00 
2 . 29813E-00 
2 • 27228E-00 
2. 2594 3 E-00 
2. 24668E-00 


. 


187 


near  the  critical  point,  are  illustrated  in  figure  65. 


FIGURE  65.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 
differences  in  the  saturated  heat  capacities  at 
constant  pressure  as  a  function  of  temperature. 


The  value  of  the  asymptotic  function  of  the  differences  in  the 
heat  capacities  at  constant  pressure  of  saturated  liquid  and  gas  at 
the  critical  point  may  be  determined  in  the  following  way.  We 
obtain  from  equations  87  and  103, 


3 


mi 


o£3 


a(3) 


q2 

PY(i) 


of  3 


a(l) 


■YL2VJY(3)  '  XY(1))  +  Y\  YY (3)  "  XYY(l))j  ' 

Expanding  3y  in  a  Taylor’s  series  about  the  critical  point, 
we  have  since,  (0  )c  . P  .  =  (3,)0  . p .  =0,  and  with  A,  B,  and  0  as 

Of  0(0! 

defined  in  equations  250,  251,  and  252, 


(263) 


=  0Y)c  . p .  +  Aa  +  t(3YY)0  .p .  +  a?{~)  ,  (264) 

where  terms  of  the  order  of  t2  have  been  neglected.  Squaring  equa¬ 
tion  264,  ignoring  terms  of  the  order  of  a3  and  higher,  we  get 


' 


188 


(i-r) 

r.j  -«  !  t  ■  .  - 

FIGURE  65.  —  Redlich-Kwong  Fluid,  Asymptotic  Function  of  the 

Differences  in  the  Saturated  Heat  Capacities  at  Con¬ 
stant  Pressure  as  a  Function  of  Temperature. 
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K  =  (Uo.p  .  +  2Az(Pv)0  .p  .  +  2t(3v)c  .P  .  (3VV)C  .p  . 


Y  x-Y 


Y 


y> 


YY' 


+  U2  +  (A+C)  0Y)C  .p  .  ]a2  . 


Let  us  define 


Pj-  ~  (3y)c  -p  •  » 

P  *.  *-  ~  (^yy^c  • 


Substituting  these  expressions  in  equation  265,  we  have 

3y  =  v\  +  2^apt  +  2tptptt  +  [ A2  +  04-+£Opt]a2 


Thus,  from  equations  259  and  268, 


Y(l)  3Ka(3)  3  Ft 


=  ■—  p2  al  +  (  2B  +  D 


BM  BCA\  2  3 


3Ajpi 


& 


b-ABp 


+ 


t  2  i 

-  a%  +  .  . 


PY(3)°^V)  "  ¥  pt  +  i28  +  D  -  f  -  !f)pt 


UABpt 


a^a3  +  .  .  . 


Subtracting  equations  269  and  270, 
_PY(l)“3Pa(3)  "  PY(3)“i6o(1). 


=  Y  p|(a|  -  a?) 


+  (2B  +  B  -  Y  - 


4,49  ,  v 


(265) 

(266) 

(267) 

(268) 


(269) 


(270) 


(271) 


■ 


4ao!::Jaifp9  oioii  ao/fT 
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But  (3) 

a3  *  -Qj.  (1  +  Ma^  +  •••)  =  -&L  -  ....  .  (272) 

Thus,  from  equation  272,  we  find 

(03-0*)  =  -0^(2  +  Ma^  +  •••)  ;  (273) 

0^3  =  -af  ( 1  +  iVaj  +  •••)  ;  (274) 

0!  a3  (03-0!  )  =  of  (2  +  3/l/a1  +  •  •  •)  ;  (275) 

(ol-af)  =  2M<%  +  •  •  •  ;  (276) 

(Os-af)  =  -of  (2  +  WO!  +  •  •  *)  •  (277) 


Substituting  equations  275-277  in  equation  271,  we  have  to 
third -order  in  o, 

^Y(l)°^a(3)  '  PY(3)QfPa(l)''  =  ~  “i  p t  +  ~  121  pt 

-2af(25  +  D  -  y  -  ff)p|  .  (278) 

From  equation  259,  we  have 

A  OS 

^cKi)0^^)  =  ~T~  +  ^279^ 

which,  from  equation  274,  can  be  written  as 

^a(l)°^^a(3)  =  "  9  ^  +  +  *  '  ’)2  ■  (280) 

Dividing  equation  278  by  equation  280, 


[BY(l)“=Ba(3)  '  BY(3)°^Ba(l)] 

4 m  3,8 n  av  acA  2 

T  pt  +  T  pt'  ^  +  -0 '  T  *  3l;pt 

c^Ba(l)Q3Ba(3) 

- n 

cT 

1 

_ l 

•  (281) 


j  ■  *  *? 


f 

\  :  p  s 


. 

*  j  2  p  i  $  :i>ivtQ. 


•  r 
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From  equation  255,  we  have  to  second  order, 


. -3i4tV^r,  M 


Substituting  equations  23,  249,  281,  and  282  in  equation  263, 


lim 
Y-1L 
-*1 
a3-l 


(1-Y) 


Cp  “CP 

v  3 

R 


PtZc 


ra4g  +  4SV 


43^ L  3  +  3  pt 


tj 


or,  squaring  equation  283,  we  have 


lim 

y-il 
-*1 
a3-l 


(1-Y) 


cp  "CP 

_3 _ P_L 

R 


27p|Zc  r 
16,45s  L  3 


~8AB  +  4 BM 


-  2(2B  +  D  - 


BM 


3  pt  ~  3 


Bt 

I V* 


~9 


27p2fcZf 


16  AB3  L  3 


'8^  -  2(25  +  b  -  bm  -  f)Pt; 


The  expression  given  above  is  true  for  any  analytical  fluid. 
For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  23,  51,  206 


250-253,  266,  and  284, 


lim 

Y-l 


,Ce 


(1-Y)  1^' 


q-1 

C^s^l 


2.24668 


A  FUNCTION  RELATED  TO  THE  HEAT  OF  VAPORIZATION,  NAMELY  THE  HEAT  OF 
VAPORIZATION  PER  MOLE  OF  GAS  COLLECTED  OUTSIDE  THE  CALORIMETER 


(282) 


,  (283) 


(284) 


(285) 


In  a  previous  report  (5»)  ,  it  is  shown  that 


. 


' 
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_  YZC  , 

RTC  Qi  P 

where  AHft  is  the  heat  of  vaporization  per  mole  of  gas  collected 
outside  the  calorimeter.  Substituting  equations  23  and  194  in  the 
above  expression, 

AHa  _  0*3^  1~  1  a&3  3aQ^x _  ^  ( l+bot^  ) 

RTC  ~  L(l-bo3)  ~  ( l+ba3 )  "  2bYafe(a3-C*1)  U  (l+b<y3)- 

At  the  critical  point, 

=  Z=  (@')c  .p  .  =  1.86014  . 

.  P  . 

AH* 

Values  of  as  a  function  of  Y  are  listed  in  table  40. 

K.  J.Q 

These  same  data  are  illustrated  in  figures  66  and  67. 


FIGURE  66.  -  Redlich-Kwong  fluid,  heat  of  vaporization  per  mole  of 
gas  collected  outside  the  calorimeter  as  a  function 
of  temperature. 

FIGURE  67.  -  Redlich-Kwong  fluid,  heat  of  vaporization  per  mole  of 
gas  collected  outside  the  calorimeter  as  a  function 
of  temperature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  heat  of  vaporization 
per  mole  of  gas  collected  outside  the  calorimeter  are  listed  in 
table  41  as  a  function  of  temperature.  These  data  are  illustrated 


(286) 


(287) 


(288) 


' 
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TABLE  40. 


RED L I CH-KWONG  FLUID,  HEAT  OF  VAPORIZATION  PER  MOLE  OF 


GAS  COLLECTED  OUTSIDE  THE 
OF  TEMPERATURE 

Y  =  T/Tc  a  =  p/pc 

Y 

0 • 00000E-99 
1  .OOOOOE-Ol 
1.50000E-01 
2. OOOOOE-Ol 
2.50000E-01 
3. OOOOOE-Ol 
3 . 50000 E -01 
4. OOOOOE-Ol 
4„50000E-0L 
5. OOOOOE-Ol 

5  •  50000E -01 

6  .OOOOOE-Ol 
6 . 50000E-01 
7. OOOOOE-Ol 
7. 50 00 OE -01 
8. OOOOOE-Ol 
8.50000E-01 
9. OOOOOE-Ol 
9. 5 0000 E -01 
9.5  2000E-0 1 
9 .54 00 OE- 01 
9.56000E-01 

9.5  8000E-01 

9 . 6  0  0  0  0  E  -  0  1 
9.6  2000E-0 1 
9.64000E-01 
9.66000E-01 
9 . 6 80 OOF -0  1 
9.70000E-01 
9 » 72000E-0  1 
9.74000E-01 
9 . 76000E-0  1 
9.78000E-01 
9 • 80000E— 0 1 
9.82000E-01 
9 • 84000E— 0 1 
9.86  OOOE-0 1 
9  •  88000E-0 1 
9 • 90000E -0 1 
9  •  92000E-0 1 
9 • 94000E— 01 
9  •  96000E-0 1 
9.98000E-01 
9.99000E-01 
1 .00000E-00 


LOR IMETER  AS  A  FUNCTION 

W*  =  AHv  Ofe/Ofe-C* 

RTC 

+  ®° 

1 .61708E  +  01 
1 .31663E+01 
1.  13622E  +  01 
1 .01 194E+01 
9. 19100E-00 
8.45838E-00 
7. 85642E— 00 
7.34522  E-QO 
6. 89771E-00 
6 . 49370E-00 
6.11717 E-00 
5.75487E-00 
5.39534E-00 
5  •  027  83 E-00 
4. 64080E-00 
4. 2193 5 E-00 
3. 73902 E-00 
3 . 14248E-00 
3. 11 42 5 E-00 
3 . 0  8  5  5  3  E  -  0  0 
3. 05 62 6 E-00 
3 . 02641 E-00 
2 . 99595  E-00 
2. 96483 E-00 
2 . 9  3  2  9  9  E  -  0  0 
2.90038E-00 
2. 86692. E-00 
2  •  83254E-00 
2 . 79716 E-00 
2.76062  E-00 
2.72285E-00 
2 . 68366E-00 
2.64287E-00 
2 .60022  E-00 
2.55539E-00 
2 .50799E-00 
2.45741E-00 
2 . 402  86  E-00 
2.343  04E-00 
2 . 27584E-00 
2. 19710E-00 
2 • 096 1 1 E-00 
2 . 02583 E-00 
1 .86014E-00 


— 


RT 


194 


X 

FIGURE  66.—  Redlich-Kwong  Fluid,  Heat  of  Vaporization  Per 

Mole  of  Gas  Collected  Outside  the  Calorimeter 
as  a  Function  of  Temperature. 
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.FIGURE  67.-  Rediich  -  Kwong  Fluid,  Heat  of  Vaporization  Per  Mole 

of  Gas  Collected  Outside  the  Calorimeter  as  a  Function 
of  Temperature  Near  the  Critical  Point. 
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TABLE  41. 


RED  L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  HEAT  OF 
VAPORIZATION  PER  MOLE  OF  GAS  COLLECTED  OUTSIDE  THE 
CALORIMETER  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


a  =  P/Pc  AH*  =  AHV  ^3/^3-^ 


(1-Y) 


ah^-cah*), 

RTL 


1 .00000E-00 
9 . OOOOOE-O 1 
8.50000E-01 
8 .OOOOOE-O  1 
7.50000E-01 
7 .OOOOOE-O 1 
6 .50000E-01 
6. OOOOOE-O  1 
5 . 50000E -0 1 
5 . OOOOOE-O 1 
4 • 5  0000  E -0 1 
4 .OOOOOE-O 1 
3.50000E-01 
3 .OOOOOE-O  1 
2.50000E-01 
2.00000E-01 
1 .50000E-01 
1 .00000E-01 
5 . OOOOOE -02 
4  •  80000E-0  2 
4.60000E-02 
4.40000E-02 
4.20000E-02 
4 .OOOOOE-O  2 
3 • 80000E-02 
3 .6000 OE -02 
3 .40 000 E -02 
3. 20000E-02 
3 . OOOOOE -02 
2 • 80000E-02 
2 .60000E-02 
2 . 40000E-0  2 
2 • 20000E -02 
2 • 00000E-02 
1 .80000E-02 
1.60000E-02 
1 .40000E-02 
1.20000E-02 
1 .00000E-02 
8.00000E-03 
6 . OOOOOE -03 
4  .  OOOOOE -0 3 
2.00000E-03 
1 .00000E-03 
0 . OOOOOE -99 


+  » 

2 . 04795  E  +  02 
1 .27830E  +  02 
9.02907 E+01 
6 . 82 1 67E  +  01 
5 .37415E  +  01 
4 . 35367E+01 
3  •  59553E  +  0 1 
3.00861E+01 
2.53771 E+0 1 
2 . 1 46 99 E +01 
1 .81223E+01 
1.5 1689E+01 
1 .24976E+01 
1 .00342 E+01 
7.73208E-00 
5 • 56589E-00 
3 . 5301 9E-00 
1 .64438E-00 
1 .57280E-00 
1 .50157E-00 
1  .43070 E -00 
1 .36019E-00 
1 .29007E-00 
1 . 22034E-00 
1 .15100E-00 
1 . 082  09E-00 
1  .01360E-00 
9. 455586-01 
8.77975E-01 
8 . 10872E-01 
7.44269E-01 
6.78 1 90E-01 
6.12661 E-0 1 
5 . 4771 2E-01 
4 . 83380E-0 1 
4.197  04E-01 
3 . 56737E-0 1 
2 . 94540E-01 
2.33194E-01 
1 .72808E-01 
1 .13544E-01 
5.5681 5E-02 
2 . 74526E-02 
0 . 00000E-99 


< 
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near  the  critical  point,  in  figure  68. 


FIGURE  68.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the  heat 
of  vaporization  per  mole  of  gas  collected  outside 
the  calorimeter  as  a  function  of  temperature. 


SECOND  TEMPERATURE  DERIVATIVE  OF  THE  VAPOR  PRESSURE  CURVE 
From  equations  44  and  251  of  reference  3,  it  can  be  shown  that 


3"  = 


d23 

dY2 


2(1 


Z0  (Ofs-C*!  )  L  Y (3) 


‘  ^YCl)-1  +  Y(JYY(3) 


‘  XYY(1))J 


<*L  <<*3 -«L  >^(1)  '  “3  (<*3-°i  )Pa(3) 


(289) 


which  from  equations  23,  37,  38,  57,  196,  and  203  can  be  written  as 


( 1+bo^  )a3  ( l+ba3 

°YY(1)  (1+bc^  )  +  Oj  a3  (a3  -o^  ) 


.  (290) 


Values  of  f37/  as  a  function  of  Y  are  listed  in  table  42.  These 
data  are  illustrated  in  figures  69  and  70. 


FIGURE  69.  -  Redlich-Kwong  fluid,  second  temperature  derivative  of 
the  vapor  pressure  curve  as  a  function  of  temperature. 

FIGURE  70.  -  Redlich-Kwong  fluid,  second  temperature  derivative  of 
the  vapor  pressure  curve  as  a  function  of  temperature 
near  the  critical  point. 
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SURE  68.-  Redlich- Kwong  Fluid,  Asymptotic  Function  of  the 
Heat  of  Vaporfzation  Per  Mole  of  Gas  Collected 

Outside  the  Calorimeter  as  a  Function  of  Temper¬ 
ature. 
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TABLE  42.  -  RED L I CH-KWONG  FLUID,  SECOND  TEMPERATURE  DERIVATIVE  OF 

THE  VAPOR  PRESSURE  CURVE  AS  A  FUNCTION  OF  TEMPERATURE 


E-? 

H 

II 

3  =  p/pc 

XI  |  X) 

\i 

5! 

ax 

Y 

3" 

0.00000E-99 

0 • 00000E-99 

1  .OOOOOE-Ol 

2 . 46906  E-39 

1 . 50000E-0 1 

6. 51948E-19 

2. OOOOOE-Ol 

1 o  1  8333E-10 

2 . 50000E-0 1 

1 .76508E-06 

3. OOOOOE-Ol 

4.31265  E-04 

3  •  50000E-0 1 

1 . 28876E-02 

4. OOOOOE-Ol 

1  .  16966E-01 

4  •  50000E-0 1 

5. 13394E-01 

5  .OOOOOE-Ol 

1 . 4167  8E-00 

5  •  50000E-0 1 

2. 88373E-00 

6  .OOOOOE-Ol 

4. 79249E-00 

6  •  50000E-0 1 

6 . 94666  E-00 

7. OOOOOE-Ol 

9 . 16947E-00 

7  •  50000E-0 1 

1. 13404E+01 

8  .OOOOOE-Ol 

1 .33933E+01 

8  •  50000E-0 1 

1 . 53012E+01 

9  .OOOOOE-Ol 

1 . 70615E+01 

9 . 5  00  OOE-O 1 

1 . 86852E+01 

9 • 5  2000E-0 1 

1 . 87476E+0 1 

9 .5 40 OOE-O 1 

1 . 88097E+01 

9 .56000E-01 

1 . 88717E+01 

9 • 58000E-0  1 

1 . 89334E+01 

9 .6  OOOOE -0 1 

1 . 89950 E+01 

9.62000E-01 

1 . 90564E+01 

9 . 6 4000 E -01 

1 .91177E+01 

9 . 6  6  0  0  0  E  -  0  1 

1 .91787E+01 

9 .68000E-01 

1 . 92395 E  +  01 

9.70000E-01 

1.93002E+01 

9 • 7  2000E -0 1 

1 .93607E+01 

9.74000E-01 

1 .94210E+01 

9 • 76 000 E -01 

1 ,948 12 E+01 

9.78000E-01 

1.95412 E+01 

9 . 80000E -0 1 

1 .96009E+01 

9 • 82000E-0 1 

1 . 96606E+01 

9.84000E-01 

1 .97200E+01 

9 • 86000E-0 1 

1 • 977  93  E  +  0 1 

9.88000E-01 

1 . 98384E+0 1 

9 . 90000E-0 1 

1 . 98974E+0 1 

9.92000E-01 

1 .99561E+01 

9 . 94000E-0 1 

2 . 00 1 48  E  +  0 1 

9 • 96  000  E -0 1 

2.00732E+01 

9 • 98000E-0  1 

2. 01 31 5 E+01 

9 . 99000E-01 

2 . 0 1607E+01 

1 .00000E-00 

2 • 01 897E+0 1 
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FIGURE  69. ~  Redlfch-Kwong  Fluid,  Second  Temperature  Derivative 

of  the  Vapor  Pressure  Curve  as  a  Function  of 
T  emperature. 
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FIGURE  70.  — •  Redlich-Kwong  Fluid,  Second  Temperature  Derivative 

of  the  Vapor  Pressure  Curve  as  a  Function  of 
Temperature  Near  the  Critical  Point. 
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Barieau  has  previously  shown  that,  in  general  for  an  analyt¬ 
ical  fluid  sufficiently  close  to  the  critical  point, 


limO  -B  )  = 

Y-l  YY 
cr*l 

and  with  A,  B,  C,  and  D  as  defined  by  equations  250-253,  we  then 
have  for  a  Redlich-Kwong  fluid 


(291) 


lim(P/,-B 

Y-l 

cr*l 


yy)  =  22.4799 


(292) 


From  equation  58, 

(@YY)o .p.  =  -2.29021  .  (58) 

For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  58  and  292 

lira  0"  =  20.1897  .  (293) 

Y->1 

cr^l 

We  see,  therefore,  that  there  is  a  discontinuity  in  the  second  de¬ 
rivative  of  the  vapor  pressure  curve  at  the  critical  point  and  the 
second  derivative  of  the  pressure  along  the  critical  isometric  at 
the  critical  point. 


HEAT  CAPACITY  OF  THE  SATURATED  GAS 
The  heat  capacity  of  the  saturated  gas  is  given  by  (2) 


C(sat.  gas)  -  cff 
R 


+  YX 


YY(1) 


+ 


Zg  ^Y(l) 

4 


(294) 
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Values  of  the  heat  capacity  of  the  saturated  gas  ar^  listed  in 
table  43  as  a  function  of  temperature.  These  same  data  are 
illustrated  in  figures  71  and  72. 


FIGURE  71.  -  Redlich-Kwong  fluid,  heat  capacity  of  the  saturated 
gas  as  a  function  of  temperature. 

FIGURE  72.  -  Redlich-Kwong  fluid,  heat  capacity  of  the  saturated 
gas  as  a  function  of  temperature  near  the  critical 

point . 


At  the  critical  point,  we  then  have  from  equations  23,  48,  49 
51,  211,  and  294, 


C(sat.  gas)  -  Cff 
R 


=  —  00 


c  .  P  . 


HEAT  CAPACITY  OF  THE  SATURATED  LIQUID 
In  a  previous  Bureau  report  (J2)  ,  it  is  shown  that  the  heat 
capacity  of  the  saturated  liquid  is  expressible  as 


C(sat.  liquid)  -  C? 


R 


zc3 


~\2lyO)  +  yJyy(3)  +  of 


Y  (3)  /I 

«3  J 


Values  of  the  heat  capacity  of  the  saturated  liquid  are  listed  in 


table  44  as  a  function  of  temperature.  These  same  data  are 


(295) 


(296) 


\ 


t 


204 


TABLE  43.  -  RED L I CH-KWONG  FLUID, 

GAS  AS  A  FUNCTION  OF 

Y  =  T/Tc 


Y 

0.00000F-99 
1 .00000F-01 
1 .50000E-01 
2.00000E-01 
2.50000E-01 
3.00000E-01 
3.50000E-01 

4  .OOOOOF-O 1 
4.50000E-01 

5  •  OOOOOE-O 1 
5 .50000E-01 

6  •  OOOOOE-O 1 
6  •  50000E-01 
7. OOOOOE-O 1 
7.50000E-01 
8.00000E-01 
8 .50000E-01 
9. OOOOOE-O I 
9  •  5 OOOOE-0 1 
9.52000E-01 
9 .54000E-01 
9.5600 OE-Ol 
9.58000E-01 
9 . 60000E— 0 1 
9  .6  200 OE-Ol 
9. 6 40 OOF -01 
9. 66 00 OE-Ol 
9.68000E-0 1 
9  •  70000E -0 1 
9  •  72000E-0 1 
9 • 74000E-01 
9 • 76000E— 0 1 
9 . 78000E-01 
9  •  80000E-0 1 
9.82000E-01 
9.84000E-01 
9 .86000E-01 
9.88000E-01 
9 . 90000E -0 1 
9 . 92000E-0 1 
9 . 94000E -0 1 
9 • 96000E-0 1 
9.98000E-01 
9 • 99000E-0 1 
1  •  00000E-00 


HEAT  CAPACITY  OF  THE  SATURATED 
TEMPERATURE 

dS, 

C (sat .  gas)  =  T 

C(sat.  gas)  -  Cy 

~ R 

-  00 

-1.60708E+02 
-8 . 67756E+01 
-5. 58114E+01 
-3 • 94779E+0 1 
-2.96367E+01 
-2. 31678E+01 
-1 • 8651 5E  +  01 
-1 . 53753E+01 
-1 . 29603  E  +  01 
-1.11861E+01  • 
-9.90634E-00 
-9.01 625  E-00 
-8 . 4451 6E-00 
-8 . 15678E-00 
-8 • 1 5827E-00 
-8 . 53243  E-00 
-9 . 56335E-00 
-1 . 24780E+01 
— 1 . 26959E+01 
-1.29290E+01 
— 1.3178 9 E+01 
-1 . 34476 E+01 
-1 . 37375  E  +  01 
-1 .40513E+01 
-1 .43922E+01 
-1 .47643E+01 
-1.51722 E+01 
-1 . 56221 E+01 
-1 .6121 1E+0! 

-1 . 66 7 87 E+01 
-1 .73068E+01 
-1.80211 E+01 
- 1 . 8  842  8  E  +  0 1 
-1 . 98010E+01 
-2 . 09374E+0 1 
-2 . 23135E+01 
-2.40259E+01 
-2 . 62357E+01 
-2. 92380E+01 
-3 • 36499E+01 
-4 . 1 07 1 5  E  +  0 1 
-5 . 78701E+01 
-8. 16706E  +  01 


■ 
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FIGURE  71.—  Red lich-Kwong  Fluid,  Heat  Capacity  of  the  Sat¬ 
urated  Gas  as  a  Function  of  Temperature. 


C  (sat  gas)- 
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FIGURE  72.—  Redlich-Kwong  Fluid,  Heat  Capacity  of  the 

Saturated  Gas  as  a  Function  of  Temperature 
Near  the  Critical  Point. 
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TABLE  44. 


RED  L I CH-KWONG  FLUID,  HEAT  CAPACITY  OF 
LIQUID  AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc  C(sat.  liquid)  = 


THE  SATURATED 


C(sat.  liquid)  -  Cy 

R 


0. 
1  . 
1. 
2. 
2. 
3. 

3. 

4. 

4. 

5  . 

5. 

6  • 
6  • 
7. 

7. 
8  . 

8. 
9. 
9. 
9. 
9. 
9  . 
9. 
9. 
9. 
9  . 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
1. 


00000E-99 

-f-  00 

OOOOOE-O 1 

8. 26486E+01 

50000E-01 

4. 5721 5E+01 

OOOOOE-O 1 

3 . 02886E+01 

50000E-0  1 

2.21814E+01 

00000E-01 

1 .73318E+01 

50000E-01 

1.4181 5E  +  01 

00000E-01 

1 .20195E+01 

50000E-0 1 

1 • 0481 7  E  +  0 1 

OOOOOE-O 1 

9 . 365  82E-00 

50000E-01 

8.55311E-00 

OOOOOE-O 1 

7 . 97257E-00 

50000E-0  1 

7 . 58339E-00 

00000  E -0 1 

7 . 36767E-00 

50000E-0  1 

7 . 33037E-00 

OOOOOE-O 1 

7.50916E-00 

50000E-01 

8.00878E-00 

OOOOOE-Ol 

9. 12877E-00 

50000E-0 1 

1.21 069E+0 1 

5  2000E-01 

1 .23269E+01 

54000E-01 

1.25621E+01 

56  OOOE-0 1 

1 „ 28141E+01 

5  8000E-0  1 

1 • 3  0849E  +  0 1 

60000E-01 

1.33767E+01 

6  2000E-0 1 

1.36925E+01 

64000E-01 

1 .40354E+01 

66 OOOE-O 1 

1 .44094E+01 

68000E-01 

1 .48193E+01 

70000E-0 1 

1.5271 0E+01 

72000E-01 

1 .57719E+01 

74000E-01 

1.6331 3  E  +  0 1 

76000E-01 

1 .69612E+01 

78000E-01 

1 • 76773E+01 

80000E-01 

1 . 85  008  E  +  0 1 

82000E-01 

1 • 946  07  E  +  0 1 

84000E-01 

2 . 05988E+01 

86000E— 0 1 

2. 19766E+01 

88000E-01 

2 • 36907E+01 

90000E-01 

2.59021E+01 

92000E-01 

2. 89061E+01 

94000E-0 1 

3.33196E+01 

96000E-01 

4. 07428E+01 

98000E— 01 

5.7  5430E  +  0 1 

99000E-01 

8 . 13442  E  +  0 1 

OOOOOE-OO 

+  » 

208 


illustrated  in  figures  73  and  74. 


FIGURE  73.  -  Redlich-Kwong  fluid,  heat  capacity  of  the  saturated 
liquid  as  a  function  of  temperature. 

FIGURE  74.  -  Redlich-Kwong  fluid,  heat  capacity  of  the  saturated 

liquid  as  a  function  of  temperature  near  the  critical 
point . 


At  the  critical  point,  we  then  have  from  equations  23,  48,  49, 
51,  213,  and  296, 


0-, 


C(sat.  liquid)  -  C\, 
R 


-Jc 


=  + 


00 


(297) 


Values  of  the  asymptotic  function  of  the  heat  capacities  of 
the  saturated  gas  and  the  saturated  liquid  as  a  function  of  (1-Y) 
are  listed  in  table  45.  These  same  data,  near  the  critical  point, 
are  illustrated  in  figure  75. 


FIGURE  75.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the  heat 
capacities  of  the  saturated  liquid  and  gas  as  a 
function  of  temperature . 


The  lim 


Y-l 

“r1 


C(sat.  gas) 


be  determined  in  the 


R 


* 


. 


C  ( sat.  liquid )  - 
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FIGURE  73.—  Redlich-Kwong  Flufd,  Heat  Capacity  of  the  Sat¬ 
urated  Liquid  as  a  Function  of  Temperature. 
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FIGURE  74.  -  Redlich -Kwong  Fluid,  Heat  Capacity  of  the 

Saturated  Liquid  as  a  Function  of  Temperature 
Near  the  Critical  Point. 
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TABLE  45. 


(1-Y) 

1  .  OOOOOE 
9  .  OOOOOE 
8.50000E 
8. OOOOOE 
7.50000E 

7  .OOOOOE 
6  •  50000E 
6  .OOOOOE 
5 . 50000E 
5 .OOOOOE 
4.50000E 

4  .OOOOOE 

3 . 5  OOOOE 
3 .OOOOOE 

2 . 5  OOOOE 
2 .OOOOOE 

1 . 5  OOOOE 
1  .OOOOOE 

5  .OOOOOE 
4.80000E 

4 . 6  OOOOE 
4.40000E 
4.20000E 
4. OOOOOE 
3 . 80000E 
3.60000E 
3  .40000E 
3.20000E 
3. OOOOOE 
2 • 80000E 
2.60000E 
2.40000E 
2 . 2 OOOOE 
2. OOOOOE 
1 .80000E 
1 .60000E 
1  .40000E 
1 .20000E 

1  .OOOOOE 

8  .OOOOOE 

6  .OOOOOE 
4. OOOOOE 

2  .OOOOOE 
1  .OOOOOE 
0  .OOOOOE 


-  REDLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
HEAT  CAPACITIES  OF  THE  SATURATED  LIQUID  AND  GAS 
AS  A  FUNCTION  OF  TEMPERATURE 


-00 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-02 
-02 
-02 
-0  2 
-0  2 
-02 
-0  2 
-02 
-0  2 
-02 
-0  2 
-02 
-02 
-02 
-0  2 
-02 
-02 
-02 
-0  2 
-02 
-02 
-03 
-03 
-03 
-03 
-03 
-99 


Y  =  T/Tc 


C  (sat . )  =  T 


dS 

dT 


(1-Y) 


'C(sat.  gas)  -  Cy“ 

2 

"C(sat.  liquid)  -  C°“ 

R 

(1-Y) 

R 

+  00 

+  0= 

. 32444E+04 

6 

. 14772E+03 

> . 400  50  E  +  0  3 

1 
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.49 193E+03 

7 
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3 

.69010E+02 
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2 
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• 48885E+02 

1 

.30725  E  +  02 

.08727E+02 

8 

.66821E+01 

. 300  20  E+0  2 

6 

. 04271 E+0 1 

. 39  852  E+0 1 

4 

.  3 8593  E  +0 1 

•  63088  E+0 1 

3 

.29201 E+0 1 

•  9  2  542  E+0 1 

2 

.54247E+01 

•  8452  5  E  +  0 1 

2 

.01 277E+01 

. 13962E+01 

1 

,  62848E+0 1 

.66333  E+0 1 

1 

. 3433  5  E+0 1 

.33114E+01 

1 

. 1 2774E+01 

•  09203  E+0 1 

9 

.62109E-00 

. 1 45  7  6  E-00 

8 

« 33344E-00 

.  78503E-00 

7 

.  32887E-00 

• 73700E-00 

7 

. 2  93  83  E-00 

•  68938  E-00 

7 

.25918 E-00 

. 6421 4E-00 

7 

o  22491E— 00 

•  59529  E-00 

7 

. 19103E-00 

. 54881 E-00 

7 

. 15755E-00 

•  50269E-00 

7 

. 12445E-00 

. 4569  2  E-00 

7 

•  091 76E-00 

? . 41 1 47  E-00 

7 

. 05947  E-00 

. 36634E-00 

7 

. 02759E-00 

'.32151 E-00 

6 

.99613  E-00 

®  27696E-00 

6 

.96510E-00 

• 23267E-00 

6 

.  93451 E-00 

r.  18861E-00 

6 

. 9043  8E-00 

'. 14475E-00 

6 

• 87474E-00 

• 10106E-00 
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. 84560E-00 
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FIGURE  75. -  Redh'ch- Kwong  Fluid,  Asymptotic  Function  of  the 

Heat  Capacities  of  the  Saturated  Liquid  and  Gas  as  a 
Function  of  Temperature. 


213 


following  way.  Squaring  equation  294  and  then  multiplying  by  (1-Y) , 
we  find  that 


lim 


Y-l 

-*1 


(1-Y) 


/C(sat .  gas)  -  - 

V  *  R 


/ 


lim  ( 1-Y)  (O^  ) 
Y“*l 
0^-1 


2 


,  (298) 


and  since  PyQ)  =  3 7  at  the  critical  point,  we  then  have  from 


equations  216  and  298, 


r-  /C(sat. 

lim  |  (1-Y)  ( - 

Y-i  -  v 

“T1 


gas) 

r~ 


32^(P,)g.p.(gaV)e.p 
*p  • 


(299) 


For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  23,  178,  179, 
195,  and  299, 


lim 

Y-»l 

<^-*1 


(1-Y) 


C(sat.  gas)  -  Cy\2 


R 


■;  J 


=  6.62690 


(300) 


Similarly, 


lim 

Y-»l 

Os^l 


/ C(sat . 

U-Y)p - 


liquid)  -  Cy  \,3  “ 

R  /  _ 


6.62690 


(301) 


SECOND  TEMPERATURE  DERIVATIVE  OF  THE  SATURATED  CHEMICAL 
POTENTIAL  OR  GIBBS  FREE  ENERGY 

From  equations  259  and  269  of  reference  2,  we  find 


-T 


d2G 

dT? 

R 


C(sat.  gas)  -  Cj 


ZCY 


-  3//al 


R 


(302) 


' 
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Values  of  this  function  are  listed  in  table  46  as  a  function  of  Y. 
This  same  function  is  illustrated  in  figures  76  and  77. 


FIGURE  76.  -  Redlich-Kwong  fluid,  second  temperature  derivative  of 
the  chemical  potential  or  Gibbs  free  energy,  at 
saturation,  as  a  function  of  temperature. 

FIGURE  77.  -  Redlich-Kwong  fluid,  second  temperature  derivative  of 
the  chemical  potential  or  Gibbs  free  energy,  at 
saturation,  as  a  function  of  temperature  near  the 
critical  point. 


From  a  previous  paper  (_!)  ,  we  can  show  that 


lim 
Y-l 
or  1 


-T  -  C° 

1  dV  Gv 

!— 

T/'dsG\  ro 

~L\&F) p  '  v 

1 

Zc^ 

[9 AD 

R 

R 

B 

L1Q B 

c  .  P. 


(303) 


and  with  A,  B,  (7,  and  I)  as  defined  by  equations  250-253,  and  with 


Zc  defined  by  equation  23,  we  then  have  for  a  Redlich-Kwong  fluid. 


lim 

Y~*l 

cr*l 


From  equation  110, 


=  1.61839 


(304) 


(305) 


c  .  P  . 
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TABLE  46.  -  RED L I CH-KWONG  FLUID,  SECOND  TEMPERATURE  DERIVATIVE  OF 

THE  CHEMICAL  POTENTIAL  OR  GIBBS  FREE  ENERGY,  AT 
SATURATION,  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 


Y 

cP  G  o 

"T  dT3  "  Cv 

R 

0 • 00000E-99 

+  « 

1  .OOOOOE-Ol 

8 . 26486E+01 

1 .50000E-01 

4.5721 5  E  +  01 

2. OOOOOE-Ol 

3 • 02886E+01 

2 • 50000E-01 

2 . 21 8 14E+0 1 

3. OOOOOE-Ol 

1 . 733 1 8E+01 

3 • 5  OOOOE-Ol 

1 .41811E+01 

4. OOOOOE-Ol 

1 . 20149E+01 

4 • 50000E -01 

1 .04583E+01 

5  .OOOOOE-Ol 

9.29106E-00 

5 .50000E-01 

8 .37786 E-00 

6. OOOOOE-Ol 

7.63678E-00 

6 .50000E-01 

7.01 943  E- 00 

7. OOOOOE-Ol 

6 . 49687E-0Q 

7.50000E-01 

6 . 05069E-00 

8. OOOOOE-Ol 

5.66824E-00 

8.50000E-01 

5 . 3401 3E-00 

9. OOOOOE-Ol 

5 . 05902E-00 

9.50000E-01 

4.8 1 900E-00 

9 . 5  2000E-0 1 

4. 8101 9 E- 00 

9.54000E-01 

4.80143E-00 

9 . 56000E-0 1 

4.79273E-00 

9.58000E-01 

4 . 78408E-00 

9.60000E-01 

4.77549E  —  00 

9.6  2000E-01 

4. 76696E-00 

9.64000E-01 

4.75849E— 00 

9.66000E-01 

4  •  75007E-00 

9.68000E-01 

4.74170E-00 

9.70000E-01 

4 . 73340E-00 

9 . 72000E-0 1 

4. 72514E-00 

9.74000E-01 

4 • 71 694E-00 

9 • 76000E-0 1 

4.70880E-00 

9.78000E-01 

4 . 7007 1 E-00 

9.80000E— 01 

4.69268E-00 

9  •  82000E-01 

4 • 68470E-00 

9 • 84000E-0 1 

4. 67677E-00 

9.86  OOOE-0 1 

4  •  66890E-00 

9  •  88000E-0 1 

4. 66108 E-00 

9.90000E-01 

4 .65331 E-00 

9  •  92000E-0 1 

4. 64560E-00 

9.94000E-01 

4 • 63794E-00 

9  •  96000E-0 1 

4 • 63033  E-00 

9 . 98000E-01 

4 . 62277 E-00 

9.99000E— 01 

4.61 8  99  E-00 

l.OOOOOE— 00 
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SURE  76.  —  Red lich-Kwong  Fluid,  Second  Temperature  Deriva¬ 
tive  of  the  Chemical  Potential  or  Gibbs  Free  Energy, 
at  Saturation,  as  a  Function  of  Temperature. 
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FIGURE  77.  -  Redlich-Kwong  Fluid,  Second  Temperature  Derivative 

of  the  Chemical  Potential  or  Gibbs  Free  Energy,  at 
Saturation.,  as  a  Function  of  Temperature  Near  the 
Critical  Point. 
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For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  304  and  305, 


lim 

Y”»l 

ar+1 


R 


=  4.61526 


(306) 


There  is,  therefore,  a  discontinuity  in  the  second  temperature  deriv¬ 
ative  of  the  Gibbs  free  energy  at  the  critical  point. 

HEAT  CAPACITY  AT  CONSTANT  VOLUME  WITH  TWO  PHASES  PRESENT 
IN  THE  CALORIMETER  AND  THE  FILLING  DENSITY 
EQUAL  TO  THE  CRITICAL  DENSITY 


In  a  previous  report  (5.)  ,  it  is  shown  that 

£-  V 
d  T®  -  n 


C ,  (2  phases)  =  -I  77-^  +  R  Zcy  Total  pc  p" 


(307) 


where  V_  ^  .  is  the  inside  volume  of  the  calorimeter  and  is  the. 
Total 

total  volume  occupied  by  gas  and  liquid  and  n  is  the  total  number 
of  moles  in  the  calorimeter. 

If  the  calorimeter  is  filled  to  an  average  density  equal  to 
the  critical  density,  then 


V 


Total 

n 


Pc  =  1 


(308) 


and  under  these  conditions,  we  have 


2  phases 
n _ 

VTotal 


=  Pc 


-  c? 


R 


-T  ---■  -  C° 

T  d^5  Cv 

R 


+  YZC  3" 


(309) 


Values  of  this  function  are  listed  in  table  47  as  a  function  of  Y. 
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TABLE  47.  -  REDL I CH-KWONG  FLUID,  HEAT  CAPACITY  AT  CONSTANT 

WITH  TWO  PHASES  PRESENT  IN  THE  CALORIMETER  AND 
FILLING  DENSITY  EQUAL  TO  THE  CRITICAL  DENSITY, 
AS  A  FUNCTION  OF  TEMPERATURE 


0 

1 

1 

2 

2 

3 

3 

4 
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5 

6 
6 
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7 

8 
8 
9 
9 
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9 
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9 
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9 
9 
9 
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9 
9 
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9 
9 
9 
9 
9 
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Y  =  T/Tc 


2  phases 
n 

\  VTotal 


=  P, 


Y 

R 

00000E-99 

+  00 

OOOOOE-Ol 

8 • 26486E+01 

50000E-0 1 

4. 57215E  +  01 

OOOOOE-Ol 

3 . 02886E+01 

50000E-0 1 

2. 21814E+01 

OOOOOE-Ol 

1 .73319E  +  01 

50000E-0 1 

1.41 826E+01 

OOOOOE-Ol 

1 . 20305E+01 

50000E-01 

1 • 05353E+01 

OOOOOE-Ol 

9.5271 9E-00 

50000E-01 

8 «  90654E-00 

OOOOOE-Ol 

8 • 59528E-00 

50000E-0 1 

8.52455E-00 

OOOOOE-Ol 

8 . 63641 E-00 

50000E-01 

8. 88580E-00 

OOOOOE-Ol 

9 . 23980E-00 

50000E-0 1 

9. 67 548 E-00 

OOOOOE-Ol 

1 .01775E+01 

50000E-0 1 

1.07360E+01 

52000E-01 

1 • 07594E+01 

54000E-0 1 

1 . 07  829E  +  0  1 

56000E-01 

1 . 08065  E  +  0 1 

58000E-01 

1.08301E+01 

60000E-01 

1.08539E+01 

62000E-01 

1.08777 E+01 

64000E-01 

1 .09016E+01 

66000E-0 1 

1 . 09256E+01 

68000E-01 

1 . 09496E+01 

70000E— 01 

1 .09738E+01 

72000E-01 

1 . 09980E+01 

74000E-01 

1. 10223E+01 

76000E-01 

1 .10466E+01 

78000E-0 1 

1. 10711E+01 

80000E-01 

1. 10956E+01 

8  2000E-0 1 

1.11202 E+01 

84000E-01 

1.1 1449E+01 

86000E-01 

1. 11697E+01 

88000E-01 

1 .11945E+01 

90000E-01 

1. 12194E+01 

92000E-01 

1 . 12444E+01 

94000E-01 

1. 12695E+01 

96000E-01 

1. 12946E+01 

98000E-0 1 

1 • 13198E+01 

99000E-01 

1 .13325E+01 

00000E-00 

1 • 13451 E+01 

VOLUME, 

THE 
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This  same  function  is  illustrated  in  figures  78  and  79. 


FIGURE  78.  -  Redlich-Kwong  fluid,  heat  capacity  at  constant  volume, 
with  two  phases  present  in  the  calorimeter  and  the 
filling  density  equal  to  the  critical  density,  as  a 
function  of  temperature. 

♦ 

FIGURE  79.  -  Redlich-Kwong  fluid,  heat  capacity  at  constant  volume, 
with  two  phases  present  in  the  calorimeter  and  the 
filling  density  equal  to  the  critical  density,  as  a 
function  of  temperature  near  the  critical  point. 


From  equations  23,  293,  306,  and  309,  it  follows  that 
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SATURATED  PRES SURE -TEMPERATURE  COEFFICIENTS 

AT  CONSTANT  DENSITY 


From  equation  50, 
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FIGURE  79.  ~  Redlich -Kwong  Fluid,  Heat  Capacity  at  Constant  Volume, 

With  Two  Phases  Present  in  the  Calorimeter  and  the 
Filling  Density  Equal  to  the  Critical  Density,  as  a  Function 
of  Temperature  Near  the  Critical  Point. 
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PY(3) 


1  aa^ 

( 1  -  b0f3  )  +  2Y®5  ( l+bc»3  ) 


(312) 


Values  of  and  ^y(3)  as  a  functi°n  °f  Y  are  listed  in  table 

48.  These  same  data  are  illustrated  in  figures  80  and  81. 


FIGURE  80.  -  Redlich-Kwong  fluid,  pressure -temperature  coefficients 
at  constant  density,  at  saturation,  as  a  function  of 
temperature . 

FIGURE  81.  -  Redlich-Kwong  fluid,  pressure- temperature  coefficients 
at  constant  density,  at  saturation,  as  a  function  of 
temperature  near  the  critical  point. 

Values  of  [3y(1)  “  ^e.p  and  [3y(3)  -  Oy)0.pJ2  as  a 
function  of  (1-Y)  are  listed  in  table  49.  These  same  data,  near  the 
critical  point,  are  illustrated  in  figure  82. 


FIGURE  82.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 

pressure-temperature  coefficients  at  constant  density, 
at  saturation,  as  a  function  of  temperature. 


SATURATED  PRES SURE -DENSITY  COEFFICIENTS  AT  CONSTANT  TEMPERATURE 


From  equation  52, 
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TABLE  48.  -  RED L I CH-KWONG  FLUID,  PRESSURE-TEMPERATURE 

COEFFICIENTS 

AT 

CONSTANT  DENSITY,  AT  SATURATION,  AS  A 

FUNCTION 

OF 

TEMPERATURE 

Y  =  T/Tc 

a  =  P/Pc 

3  =  P/Pc 

Y 

(m 

UJ*3 

0.00000E-99 

0.00000E-99 

+  CO 

1 .OOOOOE-Ol 

9  •  59064E-45 

1 .32454E+03 

1 .50000E-01 

1  •  30663E-23 

7 .  09009E+02 

2. OOOOOE-Ol 

7 • 67249E-15 

4.51218E+02 

2.50000E-01 

2  •  87224E-10 

3. 15240E+02 

3. OOOOOE-Ol 

1 . 50266E-07 

2 . 333  17E+02 

3 . 50000E-0 1 

8.63232E-06 

1.7 9464E+0  2 

4. OOOOOE-Ol 

1 • 3941 9  E-04 

1 .41802E+02 

4.50000E-01 

1 .02787E-03 

1. 14207E+02 

5. OOOOOE-Ol 

4. 55405E-03 

9 . 32338E+01 

5 • 50000E -0 1 

1 .43477E-02 

7.68124E+01 

6 .OOOOOE-Ol 

3.58279E-02 

6.363 16  E  +  0 1 

6 • 50000E -0 1 

7 • 622  39  E-0  2 

5.28235E+01 

7. OOOOOE-Ol 

1 .45158E-01 

4 . 37907E+0 1 

7 • 5  OOOOE -0 1 

2 . 562  60  E-0 1 

3.61059E+01 

8. OOOOOE-Ol 

4 . 30677  E-0 1 

2 . 94487  E+0 1 

8 . 50000E-0 1 

7 .051 59E-01 

2.356 13E+01 

9. OOOOOE-Ol 

1 . 15467E-00 

1 .82017E+01 

9.50000E-01 

1 .98400E-00 

1 .30372E+01 

9 • 5  2000E -0 1 

2.03  2  54E-00 

1 .28257E+01 

9 . 54000E -0 1 

2.08294E-00 

1 . 26  13 1 E  +  0 1 

9 • 56000E-0 1 

2. 13534E-00 

1 .23993E+01 

9.58000E-01 

2.1 8989E-00 

1.2 1840E+0 1 

9 . 60000E -0 1 

2 . 24676  E-00 

1 . 19672E+01 

9.62000E-01 

2.30613  E-00 

1 .  17486E+0  1 

9.64000E-01 

2.36821 E-00 

1 . 15280E+01 

9.66000E-01 

2.43327E-00 

1. 13051E+01 

9.68000E-01 

2.50 157E-00 

1 . 10797E+0 1 

9.70000E-01 

2 • 57346E-00 

1.085 14E+0 1 

9 • 72000E-0 1 

2 . 64930  E-00 

1 .06 199E+01 

9 • 74000E-0 1 

2 • 7295  8E-00 

1 . 03847E+0 1 

9 • 76000E-0 1 

2.8 1483  E-00 

1 .0145  IE +01 

9.78000E-01 

2 . 905  72  E-00 

9 . 90069E-00 

9 • 80000E-0 1 

3.00308E-00 

9 .6504 1 E-00 

9 . 82000E -0 1 

3 • 10797  E-00 

9 . 39329E-00 

9 • 84000E -0 1 

3. 22171 E-00 

9 •  12798  E-00 

9.86000E-01 

3.3461  IE-00 

8 . 85269E-00 

9 • 88000E-0 1 

3 • 48364E-00 

8 • 56493E-00 

9.90000E-01 

3.637  85  E-00 

8.261 15E-00 

9 . 92000E-0 1 

3.81 423  E-00 

7 . 93  5  85  E-00 

9 • 94000E -0 1 

4.02205E-00 

7 • 57976E-00 

9 • 96000E-0 1 

4. 27942E-00 

7. 17476E-00 

9.98000E-01 

4 • 63329  E-00 

6 . 6739  IE-00 

9 . 99000E -0 1 

4. 89669  E-00 

6 • 33726E-00 

1 .00000E-00 

5.58043  E-00 

5 • 58043E-00 
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FIGURE  80.  ~  Redlich  -  Kwong  Fluid,  Pressure  -  Temperature  Co¬ 
efficients  at  Constant  Density,  at  Saturation,  as  a 
Function  of  Temperature. 
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FIGURE  81*—  Redlich  -  Kwong  Fluid,  Pressure  -Temperature  Coeffi¬ 
cients  at  Constant  Density,  at  Saturation,  as  a  Function 
of  Temperature  Near  the  Critical  Point. 
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TABLE  49. 


Y  =  T/Tc 
(1-Y) 


REDLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  PRESSURE- 
TEMPERATURE  COEFFICIENTS  AT  CONSTANT  DENSITY,  AT 
SATURATION,  AS  A  FUNCTION  OF  TEMPERATURE 


1 . 00000E-00 
9 . OOOOOE -0 1 
8 • 50000E-0 1 
8 .OOOOOE -0 1 
7 • 50000E -0 1 
7 . OOOOOE -0 1 
6 • 50000E-0 1 
6 . OOOOOE -0 1 
5 . 50000E-0 1 
5 . OOOOOE -0 1 
4 • 50000E-0 1 
4 . OOOOOE -0 1 
3 . 50000E -0 1 
3. OOOOOE -01 
2.50000E-01 
2 . OOOOOE -0 1 
1 • 50000E -0 1 
1 .00000E-01 
5 • OOOOOE-02 
4.80000E-02 
4.60000E-02 
4.40000E-02 
4 . 20000E -02 
4. OOOOOE -0  2 
3 • 80000E-02 
3 .60000E-02 
3 .40000E-02 
3 .20000E-02 
3 .00000E-02 
2 .80000E-02 
2.60000E-02 
2 .40000E -0  2 
2.20000E-02 
2 .00000E-02 
1 .80000E-02" 
1 .60000E-02 
1 .40000E-02 
1 .20000E-02 
1. 00000E-02 
8.00000E-03 
6 • 00000E-03 
4.00000E-03 
2.00000E-03 
1 .00000E-03 
0 • 00000E-99 


3. 11412E+01 
3. 11412E+01 
3.1 141 2  E+0 1 
3. 11412E+01 
3.1141 2  E+0 1 
3 . 11412  E+0 1 
3. 1 141 1 E+0 1 
3.11 396  E  +  0  1 
3 . 11297E+01 
3. 10904E+0 1 
3 . 0981 2E+01 
3 • 0742  6E+0 1 
3 • 0  2963  E  +  0 1 

2.9  5422  E+0  1 
2 . 83468E+01 
2 . 65 1 99  E  +  0 1 
2 • 376  82  E+0 1 
1.95873  E+0  1 
1 .29342E+01 
1 • 25874E+0 1 
1 .22323E+01 
1 .  186 85 E+0  1 
1. 14957E+01 
1. 11133E+01 
1 .07210E+01 
1 .03183E+01 

9.9  0460  E-00 
9 • 47934E— 00 
9 .0418 7 E-00 
8.591 48  E-0  0 
8. 12734E-00 
7 • 64854E-00 
7.1 5406E-00 
6 • 64269E-0  0 
6.1 1 307E-00 
5. 56354E-00 
4.99216E-00 
4.39652E-00 
3.77361 E-00 
3.1 1944E-00 
2 • 42854E-00 
1.69261 E-0  0 
8 .97063E-01 
4. 67499E-0  1 
0 .00000E-99 


+  00 

1 • 73967E+06 
4 . 948 13E+05 
1 .98593E+05 
9 . 58896E+04 
5. 18641E+04 
3.02358E+04 
1 .85565E+04 
1 .  17997E+04 
7 .6831 2E  +  0  3 
5 .07400E+03 
3 . 36994E+03 
2. 2319  IE +03 
1 .46003E  +  03 
9.31804E+02 
5.69695E+02 
3.2331 1E  +  02 
1 . 59298E  +  02 
5 • 56040E+01 
5 . 24 94 8 E+0 1 
4.945936+01 
4. 64971 E+0 1 
4.360796+01 
4.07910E+01 
3.804646+01 
3.537356+01 
3 . 27723E+01 
3 . 02425E+0 1 
2.77  840E+01 
2 . 53969E  +  0 1 
2 . 308 1 1E+01 
2 . 08369E+0 1 
1 . 86646  E  +0 1 
1 . 65647E+0 1 
1.45379E+01 
1.2585 1E  +  0  1 
1.07  076E+01 
8 . 90726E-00 
7 . 186  26E-00 
5.54800E-00 
3 • 99733E-00 
2 • 54 190E-00 
1 .  19570E-00 
5.72798E-01 
0 • 00000E-99 
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FIGURE  82.  -  Redlich -  Kwong  Fluid,  Asymptotic  Function  of  the  Pres¬ 
sure-Temperature  Coefficients  at  Constant  Density,  at 
Saturation,  as  a  Function  of  Temperature. 
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ea(l) 


©Y  -  3Y[(l--^7  -  ^Sl+5)2]  ; 


a  _  I'Sg  >  _  f  1  .  aafj  (2+bar3 )  i 

p<*(3)  \da3Jy  JYL(l-ba3)2  (l+bor3)2_ 


Values  of  pt»d)  and  ^^(3)  as  a  function  of  Y  are  listed  in 
table  50.  These  same  data  are  illustrated  in  figures  83  and  84 


FIGURE  83.  -  Redlich-Kwong  fluid,  saturated  pressure-density 

coefficients  at  constant  temperature  as  a  function 
of  temperature. 

FIGURE  84.  -  Redlich-Kwong  fluid,  saturated  pressure-density 

coefficients  at  constant  temperature  as  a  function 
of  temperature  near  the  critical  point. 


SATURATED  COEFFICIENTS  OF  COMPRESSIBILITY  AT  CONSTANT  TEMPERATURE 
From  equation  60,  we  have  for  the  saturated  gas, 

/dcfr  \  i _ Y3^  (1-bdfr  )2  (1+bofr  )2 _ 

c*  Up  /Y  “  ~  30^  [Y*2  (1+bo^  )2-a0f1  (1-bc^  )2  (24 bo^  )  ]  ’ 

and  for  the  saturated  liquid. 


<*<3) 


(313) 

(314) 


(315) 


V^(l-btt3)a(l+ba3)3 _ 

3<*3  [Y*  (l+ba3)2  -aas  (l-ba3)2  (2+bor3)  ] 


(316) 
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TABLE  50.  -  RED L I CH- 

KWONG  FLUID,  SATURATED 

PRESSURE-DENSITY 

COEFF ICI 

ENTS  AT  CONSTANT  TEMPERATURE  AS  A 

FUNCTION 

OF  TEMPERATURE 

V  *  T/Tc 

o 

CL 

CL 

II 

b 

0  =  P/Pc 

(&J) 

(^3  \ 

Y 

Jy 

Vda3  Jy 

0.00000E-99 

0 .00000E-99 

+  °° 

1 .00000E-01 

3 • 00000  E— 0 1 

1 .76721E  +  03 

1 .50000E-01 

4 • 50000  E-0 1 

7.63576E+02 

2.00000E-01 

5 • 99999  E-0 1 

4.1 49 1 8E+02 

2 • 50000E-0 1 

7 •  49999  E-0 1 

2 . 54919E+02 

3.00000E-01 

8 • 99999  E-0 1 

1 .68835E+02 

3 . 50000E-0 1 

1 .04996E-00 

1 .17467E+02 

4  . OOOOOE -0 1 

1. 19946E-00 

8 .44995E+0  1 

4 . 50000E -0 1 

1 .34631E-00 

6 . 2 1 632  E+0 1 

5 .OOOOOE -0 1 

1 • 48472  E-00 

4. 63 86 OE +01 

5 . 50000E -0 1 

1 .60497E-00 

3 .48702E+01 

6 . OOOOOE -0 1 

1 • 695 14E-00 

2 • 62436E+0 1 

6.50000E-01 

1 .74329E-00 

1 • 96471 E+0 1 

7 .OOOOOE -0 1 

1 • 73871 E-00 

1.45217E+01 

7.50000E-01 

1 .67205E-00 

1 .04913E+01 

8 . OOOOOE -0 1 

1. 53474E-00 

7 . 296  03  E-00 

8.50000E-01 

1 .31784E-00 

4 .  75327E-00 

9 • OOOOOE -0 1 

1 .00984E-00 

2 • 73469E-00 

9 . 50000E -0 1 

5.91 1 65  E-0 1 

1 .15588E-00 

9.52000E-01 

5.71613  E-0 1 

1  . 10119E-00 

9 • 54000E-0 1 

5.51811 E-0 1 

1 . 04715  E-00 

9.56000E-01 

5.31752  E-0 1 

9 . 93760E-0 1 

9.58000E-01 

5.1 1430E-0 1 

9.41 0 14 E-0 1 

9.60000E-01 

4 . 908  39  E-0  1 

8.8891 9E-0 1 

9.62000E-01 

4.69972E-01 

8  .3 74 77 E-0 1 

9.64000E-01 

4.488  20  E-0 1 

7 . 86692E-0 1 

9.66000E-01 

4.27376E-01 

7 . 3 6569 E-0 1 

9.68000E-01 

4.05630E-01 

6.8711 2  E-0 1 

9.70000E-01 

3.83573E-01 

6.3832  8  E-0 1 

9 . 72000E-0 1 

3.61192  E-0 1 

5 .902 2 5 E-0  1 

9 • 74000E -0 1 

3.38475  E-0 1 

5.42810E-01 

9 . 76000E -0 I 

3 • 1 5409  E-0 1 

4 «  96094E-0 1 

9.78000E-01 

2 • 9 1977E-0 1 

4 . 5  0089  E-0 1 

9.80000E-01 

2.68161 E-0 1 

4 . 04809E-0 1 

9 • 82000E -0 1 

2 .43941 E-0 1 

3 . 60272  E-0 1 

9 • 84000E -0 1 

2. 19291E-01 

3. 16498E-01 

9 • 86000E-01 

1.94183E-01 

2.735 14E-0 1 

9 • 88000E -0 1 

1 • 68  580  E-0  1 

2.31351 E-0 1 

9.90000E-01 

1 .42437E-01 

1 .90050E-01 

9.92000E-01 

1. 15697E-01 

1 .49667E-0 1 

9 • 94000E -0 1 

8 .82789E-02 

1 o 10279E-01 

9.96000E-0I 

6.00615  E-0  2 

7 . 20025E-02 

9 . 98000E -0 1 

3.08347E-02 

3 . 50443  E-02 

9 . 99000E -0 1 

1 • 57076E-02 

1 .71938E-02 

1 .00000E-00 

0 •  00000  E-99 

0 .00000E-99 

. 
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FIGURE  83. ~  Redlich  -  Kwonq  Fluid,  Saturated  Pressure  -  Density 

Coefficients  at  Constant  Temperature  as  a  Function 
of  Temperature. 
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FIGURE  34.  -  Redlich  -  Kwong  Fluid,  Saturated  Pressure  -  Density 

Coefficients  at  Constant  Temperature  as 
a  Function  of  Temperature  Near  the  Critical  Point. 
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Values  of  these  two  functions  are  listed  in  table  51  as  a  function 
of  Y.  These  same  data  are  illustrated  in  figures  85  and  86. 


FIGURE  85.  -  Redlich-Kwong  fluid,  saturated  coefficients  of 
compressibility  at  constant  temperature  as  a 
function  of  temperature. 

FIGURE  86.  -  Redlich-Kwong  fluid,  saturated  coefficients  of 
compressibility  at  constant  temperature  as  a 
function  of  temperature  near  the  critical  point. 


Values  of 


q-Y)  f^L 


Vsp  1  and 


q-Y)  f'* Sk 


as  a  function  of  (1-Y) , 


0^  \dp  /y  Ofe  \dp  /y 

listed  in  table  52,  are  illustrated  in  figure  87  near  the  critical 


FIGURE  87.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the  satu 
rated  coefficients  of  compressibility  at  constant 
temperature  as  a  function  of  temperature. 


point. 

The  value  of  the  asymptotic  function  of  the  saturated  coeffi¬ 
cients  of  compressibility  at  constant  temperature  at  the  critical 
point  may  be  determined  in  the  following  way. 

From  equation  246  we  find  that 

aP  =  a?  [At  +  Ba2  +  Cat  +  Da3] 

oi 


om 


:i"  '  -  '  »:  'i  -  . 
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TABLE  51.  -  RED  L I CH-KWONG  FLUID?  SATURATED  COEFFICIENTS  OF 

COMPRESSIBILITY  AT  CONSTANT  TEMPERATURE  AS  A 
FUNCTION  OF  TEMPERATURE 


o 

H 

H 

II 

>- 

a  =  P/Pc 

e  =  p/pc 

Y 

i  fM\ 

1 

a7 

TD 

ot3  V33  Jy 

0 • 00000E -99 

+  0° 

0 .00000E-99 

1  .OOOOOE-O I 

1.04268  E+45 

1 .49002E-04 

1 .50000E-01 

5. 10216E+23 

3  « 487 1 1 E-04 

2  .OOOOOE-O I 

6. 51678E  +  14 

6.5  0474E-04 

2 . 50000E-0 1 

1 .39263E+10 

1 .07561E-03 

3  .OOOOOE-O 1 

2.21 8  28  E+0  7 

1  .65373E-03 

3.50000E-01 

3 . 30996  E  +  05 

2 .4261 5E-03 

4.00000E-01 

1 • 7  941 8  E+0  4 

3.451 55E-03 

4 • 5  OOOOE -0 1 

2 . 16965E+03 

4.81510E-03 

5.00000E-01 

4.45079E+02 

6 . 643 93 E- 03 

5.50000E-01 

1 • 31408  E+02 

9.13385E-03 

6  .00000E-01 

5.03432E+01 

1 .25981E-02 

6  •  50000E-0 1 

2 . 33944E+0 1 

1 .75625E-02 

7 • DOOOOE -0 1 

1.261 53E+0 1 

2 .496 50 E-0 2 

7 . 5  OOOOE -0 1 

7 . 67419  E-00 

3.66211 E-02 

8  .OOOOOE-O 1 

5.1 8669E-00 

5 » 64601 E-02 

8.50000E-01 

3 . 89095  E-00 

9  e 44929E-02 

9. OOOOOE-O I 

3. 32317E-00 

1 .83989E-01 

9  •  50000E-0 1 

3 . 642  83  E-00 

5 . 14759E-0 1 

9.52000E-01 

3 • 69573  E-0  0 

5.45096E-01 

9  •  54000E -0 1 

3 . 75473  E-00 

5.7  8434E-0 1 

9 . 56  OOOE-O 1 

3  •  8  2060  E-00 

6.152 14E-0 1 

9.58000E-01 

3 . 89422  E-00 

6 .55961 E-0 1 

9.60000E-01 

3 • 97668  E-00 

7.01311 E-0 1 

9  •  62000E -0 1 

4 . 069  28  E-00 

7 . 52040E-0 1 

9.64000E-01 

4. 17359E-00 

8.09 1 05  E-0 1 

9  •  66000E-0 1 

4.29 1 56E-00 

8 .73695  E-0 1 

9 .6 8000E -0 1 

4.42562E— 00 

9.47310E— 01 

9.7  OOOOE -0 1 

4.578  80  E-00 

1 . 03 1 86E-00 

9.72000E-01 

4.75503E-00 

1 . 12984E-00 

9.74000E-01 

4  •  95937E-00 

1 . 24453E-00 

9.76000E-01 

5. 19855E-00 

1 .38033E-00 

9  •  78000E-0 1 

5.48 1 70  E-00 

1 . 5433  2  E-00 

9 • 8  OOOOE -0 1 

5 . 8  21 50E-00 

1 .74208E-00 

9 • 82000E-01 

6 . 23616E-00 

1 . 98 9 1 5  E-00 

9 . 84000E -0 1 

6.75279E-00 

2.30351 E-00 

9 • 86000E -0 1 

7.41 362E-00 

2.71 537E-00 

9  •  88000E -0 1 

8 • 28848  E-00 

3 . 27565E-00 

9  •  90000E -0 1 

9.501 84E-00 

4  •  07723E-00 

9.92000E-01 

1. 13000E+01 

5 • 30847  E-00 

9  •  94000E -0 1 

1 .42509E+01 

7.41579E-00 

9 . 96  OOOE  — 0 1 

2.00336E+0 1 

1 .17628E  +  01 

9.98000E-01 

3 • 68  846  E+0 1 

2 .53276E  +  01 

9 . 99000E -0 1 

6 • 9  6549  E+0  1 

5 • 34085  E+0 1 

1 .00000E-00 

+  » 

+  « 

' 
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FIGURE  85.  -  Rediich-Kwong  Fluid,  Saturated  Coefficients  of 

Compressibility  at  Constant  Temperature  as  a 
Function  of  Temperature. 
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FIGURE  86.—  Redlich-Kwong  Fluid,  Saturated  Coe'f  cients  of 

Compressibility  at  Conston  Temperature  as  a 
Function  of  Temperature  Near  the  Cr-tical  Point. 
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TABLE  52. 


RED L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
SATURATED  COEFFICIENTS  OF  COMPRESSIBILITY  AT  CONSTANT 
TEMPERATURE  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 
(1-Y) 

1  .OOOOOE -00 
9 . ODOOOE -0 1 
8 .500 00 E -01 
8 • OOOOOE  — 0 1 
7.50000E-01 
7. OOOOOE -01 
6 . 50000E-0 1 
6. OOOOOE -01 
5  •  50000E -0 1 
5  .OOOOOE -01 
4 . 50000E -0 1 
4.  OOOOOE -01 

3 . 5  0  0  0  0  E  -  0  1 
3. OOOOOE -01 

2 . 5  OOOOE -0 1 
2.00000E-01 
1 .50000E-01 

1  .OOOOOE -01 

5  •  OOOOOE-02 
4 . 80000E -0  2 

4 . 6  0  0  0  0  E  —  0  2 
4.40000E-02 
4 . 20000E -02 
4  •  OOOOOE -0  2 
3 . 8 OOOOE -02 
3 .60000E-02 
3  .40000E-02 
3.20000E-02 

3  •  00000E-02 
2 .80000E-02 
2 .60000E-02 

2  .40000E -0 2 
2  •  20000E-02 
2. OOOOOE -0  2 
1 .80000E-02 
1  .60000E-02 
1 .40000E -02 

1  .2 OOOOE -0  2 
1 .00000E-02 
8  . OOOOOE -0 3 

6  •  OOOOOE— 03 

4  .OOOOOE -03 

2  •  00000E-03 
1  .  OOOOOE -0  3 
0  •  OOOOOE -99 


01  =  P/Pc 
g-Y) 

\d0  / y 

+ 

9 • 38414E+44 
4 . 33683  E  +  23 
5. 2 1342 E+ 14 
1 . 0  4447  E  +  10 
1  •  55279E  +  07 
2. 1514 7 E +05 
1.07651E+04 
1  .  19330  E+03 
2.22  539  E  +  0  2 
5 .9 1336 E +01 
2.0 13 72 E+0 1 
8 . 1 8 80 6 E -00 
3 • 78459E-00 
1 .91854E-00 
1 .03733E-00 
5.83643E-01 
3.3231 7E-0  1 
1 .82141E-01 
1 • 77395E-0  1 
1 .72717E-Q1 
1 .68106E-01 
1 .63557E-01 
1 . 59067  E— 0 1 
1 .54632E-01 
1 . 50249  E-0  1 
1 . 459 13 E-0 1 
1 .41619E-01 
1 .37364E-01 
1 . 33 140 E-0  1 
1 .28943E-01 
1 • 24765  E-0  1 
1 .20597E-01 
1. 16430E-01 
1 •  1  22  5 1 E-0 1 
1 .08044E-01 
1 .03790E-01 
9 • 94618  E— 02 
9.50184E-02 
9.04001 E-0 2 
8 • 5 50 54 E-0 2 
8.0 1 347  E-0  2 
7 • 37693E-02 
6 . 96549 E— 02 
6.08574E— 02 


3  =  P/Pc 
g-Y) 

a3  / y 

0 • 00000E-99 
1 .34101E-04 
2 . 96 4 04 E- 04 
5 . 2  0  3  7  9  E  -  0  4 
8.0671 2E-04 
1  .  15761E-03 
1 .57700E-03 
2.07  093E-03 
2 .64830 E -03 
3.321 96E-03 
4.11 023E-03 
5 . 0  3  9  2  6  E  -  0  3 
6 . 14689E-03 
7 • 48951 E-03 
9.1 5529E-03 
1  .  12920E-02 
1 .41739E-02 
1 , 83989E-02 
2 . 57379E-02 
2.61 646E-02 
2 .66 080 E-0 2 
2 .706 94 E-0 2 
2 • 75503E-02 
2 . 8052 4 E -02 
2 .85775 E-0 2 
2 . 91 277E-02 
2 . 97  05 6 E-0 2 
3.03139E— 0  2 
3. 095 6 OE -02 
3. 16357b— 02 
3 . 23579E-02 
3.31281 E-02 
3.39531 E-02 
3 .4841 7E-02 
3 • 58047E-02 
3.68562E-02 
3.801 52E-02 
3.9307  8E-02 
4 . 07723E-02 
4 . 24678E-02 
4 . 44947  E-02 
4.70513E-02 
5 • 06553  E-02 
5 • 3408  5  E-02 
6 . 08574E-02 


'•  —  -  . .  ...  .....  ,  .  ..  .  .  ... 


, 


-  <  *. 


1 


• 
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■ 
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87.—  Redlich-Kwong  Fluid,  Asymptotic  Function  of  the 
Saturated  Coefficients  of  Compressibility  at 
Constant  Temperature  os  a  Function  of  Temp¬ 
erature. 
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or,  substituting  equation  247  in  equation  317, 


cfi  ~  (l+a)2  [At  +  Baz  +  Oat  +  Da3 ] 

Substituting  equation  258  in  the  above  expression,  we  find  suffi¬ 
ciently  close  to  the  critical  point, 


BM  BC\-} 
3  "  3 AJa_ 


(318) 


(319) 


Therefore,  substituting  equations  173  and  247  in  equation  319, 


lim 
Y-l 
a,  -*1 


am  , 

a,  \3p  /y 


lim 

Y-l 


0,-1 


■JCkll, 

ea(l) 


^aoO°  • f  • 

45^)0.  >. 


^  O^)  c  .  P  • 


For  a  Redlich -Kwong  fluid,  we  have  from  equations  178  and  320, 

lim  -  0.0608574  . 

Y-»j  'Y 

04-I 


(320) 


(321) 


Similarly, 


lim 

Y-l 

o?3-l 


q-v)  /®2Sa.\ 

a3  \d|3  /y 


^aoxP0  ,f  ‘ 

^0^)c.p. 


^(Pqy)0  . p  . 


0.0608574 


Table  53  lists  values  of  the  differences  in  the  saturated 
coefficients  of  compressibility  at  constant  temperature  as  a 
function  of  temperature.  These  same  data  are  illustrated  in 


(322) 


- 
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TABLE  53.  -  REDL I CH-KWONG  FLUID,  DIFFERENCES  IN  THE  SATURATED 

COEFFICIENTS  OF  COMPRESSIBILITY  AT  CONSTANT  TEMP¬ 
ERATURE  AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc  a  =  P/Pc  3  -  P/Pc 


1 

/So.  \  i  /6a5 

Y 

% 

\d3  /y  ar3  Vd3 

0  •  OOOOO E-99 

+  O’ 

1 • OOOOOE-O 1 

1 .04268E+45 

1 • 50000  E-0 1 

5.10216E+23 

2 .OOOOOE-O 1 

6 . 51678E  +  14 

2 • 50000  E-0 1 

1 .39263E+10 

3 .OOOOOE-O 1 

2.2 1 828E  +07 

3. 50000E-01 

3  •  30996E+05 

4 . OOOOO  E-0 1 

l .79418E+04 

4. 50000  E-0 1 

2.16965E+03 

5 .00000  E-0  I 

4.45072E+02 

5 • 50000  E-0 1 

1 .31398E  +  02 

6 . OOOOO  E-0 1 

5.03306E+01 

6 • 50000  E-0 1 

2.33769E+0I 

7  .OOOOOE-O 1 

1 .25903E+01 

7 • 50000  E-0 1 

7.63757E-00 

8  .00000E-01 

5. 13023 E-00 

8 • 50000  E-0  1 

3.79646E-00 

9  .OOOOOE-O 1 

3 . 13918E-00 

9 • 50000  E-0 1 

3.1 2807E-00 

9  •  52000 E-0 1 

3.15063E-00 

9 • 54000  E-0 1 

3.17630E-00 

9  •  56000 E-0 1 

3  •  20538E-00 

9  •  58000E-0 1 

3  •  23826E-00 

9  •  60000  E-0 1 

3 .27537E-00 

9 • 62000  E-0 1 

3 . 31724E-00 

9  •  64000  E-0 1 

3 . 36448E-00 

9 • 66000  E-0 1 

3.41786E-00 

9.68000E-01 

3.47  83  0E-00 

9  •  70000E-0 1 

3 • 54694E-00 

9 • 72000  E-0 1 

3.625 18E-00 

9 . 74000E-0 1 

3.7 1483E-00 

9 . 76000 E-0 I 

3.8182  IE-00 

9  •  78000  E-0 I 

3.93837E-00 

9.80000E-01 

4 • 0794  IE-00 

9. 82000E-0 1 

4 • 247  0 1 E-00 

9  •  84000E-0 1 

4 • 44927E -00 

9.86000E-01 

4.69825E-00 

9.88000E-01 

5  •  01282E-00 

9 . 90000  E-0 1 

5 • 42460E-00 

9 • 92000E-0 1 

5.99  1 54E-00 

9 . 94000  E-0 1 

6.83511E-00 

9  .96000  E-0 1 

8 • 27084E-00 

9.98000E-01 

1 . 1 5569E+0 1 

9  •  99000 E-0 1 

1 .62464E+01 

1  •  OOOOO  E-00 

+  » 

. 


♦ 


, 
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figures  88  and  89. 


FIGURE  88.  -  Redlich-Kwong  fluid,  differences  in  the  saturated 
coefficients  of  compressibility  at  constant 
temperature  as  a  function  of  temperature. 

FIGURE  89.  -  Redlich-Kwong  fluid,  differences  in  the  saturated 
coefficients  of  compressibility  at  constant  * 
temperature  as  a  function  of  temperature  near 
the  critical  point. 


The  limiting  value  of  the  differences  in  the  saturated  coeffi¬ 
cients  of  compressibility  at  constant  temperature  as  the  critical 
point  is  approached  may  be  determined  in  the  following  way. 

From  equation  319,  we  find 

*•«<«  mf  +  (i  +  2  -2  -  uhl  > 

*•■(3)  ■  f  +  (§  +  2  -2  -  uh\  ■ 

Substituting  equation  272  in  equation  324,  ignoring  terms  of  the 
order  of  aj  and  higher. 


Subtracting  equations  323  and  325, 


(323) 

(324) 

(325) 


-^crd)  'f  +  -f] 


(326) 


' 

' 
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FIGURE  88.  Redlich-Kwong  Fluid,  Differences  in  the  Saturated  Coeffi¬ 
cients  of  Compressibility  at  Constant  Temperature  as  a 
Function  of  Temperature. 


!  6 

i  4 

1 

12 

10 

8 

1 

6 

4 

2 

0 


243 


r 


JURE  89- Redlich- Kwong  Fluid,  Differences  in  the  Saturated 
Coefficients  of  Compressibility  at  Constant  Tem¬ 
perature  as  a  Function  of  Temperature  Near  the 
Critical  Point. 


Therefore,  from  equations  323,  325,  and  326,  we  find  that  suffi¬ 
ciently  close  to  the  critical  point 
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^0a(l)“3Pa(3) 


(327) 


For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  206,  247, 
250-253,  and  327,  sufficiently  close  to  the  critical  point, 


J_  .  _L 

\dp  Jy  a3  \oP  Jy 


1.41351 

(l-oi) 


( 


and  one  can  see  from  equation  328  that  the  coefficient  of  compressi¬ 
bility  at  constant  temperature  of  the  saturated  gas  exceeds  that  of 
the  saturated  liquid  and  that  their  difference  becomes  infinite  at 
the  critical  point. 

Values  of  the  asymptotic  function  of  the  differences  in  the 
saturated  coefficients  of  compressibility  at  constant  temperature 
are  listed  in  table  54  as  a  function  of  (1-Y) .  These  same  data, 
near  the  critical  point,  are  illustrated  in  figure  90.  The  value 


FIGURE  90.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 


differences  in  the  saturated  coefficients  of 


compressibility  at  constant  temperature  as  a 


function  of  temperature. 
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TABLE 


54.  -  RED  L I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
DIFFERENCES  IN  THE  SATURATED  COEFFICIENTS  OF 
COMPRESSIBILITY  AT  CONSTANT  TEMPERATURE  AS  A 


FUNCTION  OF 

TEMPERATURE 

Y  =  T/Tc 

a  =  P/Pc  0  = 

(1-Y) 

u-yT1  (fa-)  -  1 

Lq^  \d0  Jy  a 

1 .00000E-00 

+  « 

9.00000E-01 

9.78468E+89 

8.50000E-01 

2.21272  E+47 

8  •  OOOOOE-O 1 

3 . 39748E+29 

7 • 5  OOOOE -0 1 

1 .45457E+20 

7  .OOOOOE-O 1 

3 . 4445  5  E+  1 4 

6 . 5  0000  E -0 1 

7. 12130E+10 

6 . OOOOOE  ~0 1 

1 • 93146E+08 

5 • 5  OOOOE -0 1 

2.58905  E  +  06 

5  .OOOOOE-O 1 

9 . 90449E+04 

4.50000E-01 

7. 76956E+03 

4  .  OOOOOE-O 1 

1 .01326E+03 

3 . 5  OOOOE -01 

1 . 91268E+02 

3  •  OOOOOE-O 1 

4.75551E+01 

2 • 50000E-01 

1.45831 E+0 1 

2 • OOOOOE-O 1 

5 . 26386E-00 

1 .50000E-01 

2.161 96E-00 

1  .OOOOOE-O 1 

9 . 8  5449E-0 1 

5 • OOOOOE  ~02 

4 • 89242  E-01 

4.80000E-02 

4.76473E-01 

4.60000E-02 

4 • 64089E-01 

4 . 400  0  OE ”0  2 

4. 5 2078 E-01 

4 . 2 OOOOE -02 

4 . 40426  E-0 1 

4 .OOOOOE-O  2 

4 . 2  9 1 2  3  E  --  0  1 

3 • 80000E-02 

4. 18155 E-01 

3 . 60000E-0  2 

4. 07511 E-01 

3.40000E-02 

3.97182E-01 

3. 20000E-02 

3.87156E-01 

3 • 00000E-02 

3 . 77423E-01 

2 . 80000E-02 

3.67974E-01 

2 . 60000E  ~02 

3 . 58799E-01 

2 . 40000E—0 2 

3. 498 90 E-01 

2 . 20000E-02 

3.41 237E-01 

2 . OOOOOE-O  2 

3  •  32833  E-01 

1 .80000E-02 

3 . 2 46 6 8 E-01 

1 . 60000E-0  2 

3. 16737E-01 

1 .40000E-02 

3 • 09030E-01 

1 . 20000E-02 

3 • 01541 E-01 

1 .OOOOOE-02 

2 • 94263  E-01 

8.00000E-03 

2. 8 7 188 E-01 

6 • OOOOOE -03 

2.80312E-01 

4 .OOOOOE-O  3 

2 • 73627E-01 

2 • 00000E-03 

2.67128E-01 

1 .00000E-03 

2.63946E-01 

0 • 00000E-99 

2 • 60808E-01 

P/Pc 


da. 


s 


Y- 


'  .  ‘  r 


■ 
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FIGURE  90,—  Redi;c"*.-Kwong  Fluid,  Asymptotic  Function  of  the 


Diffe;  rnc.es  in  the  Saturated  Coefficients  of  Compressi¬ 
bility  at  Constant  Temperature  as  a  Function  of 

Temperature. 
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of  the  asymptotic  function  of  the  differences  in  the  saturated 
coefficients  of  compressibility  at  constant  temperature  at  the 
critical  point  may  be  determined  in  the  following  way. 

From  equation  327*  we  have 


r°!sPa(3)  Pa(l)  1 

= 

r  i  (M) 

1  3\  "I 

LoiPa(l)“aea(3)  J 

Lo^  Vd3  ) 

y  a3  Vd3  7y_ 

But  (3) 


(327) 


(329) 


Hence,  from  equations  327  and  329,  we  find  that  sufficiently  close 


to  the  critical  point. 


s 


Qt(  IV 


%ea(i)«3Pa(3) 


(-t)^  = 


l_  +  4  ay 

2(.45/3)Lte 


(330) 


Squaring  equation  330  and  substituting  for  t  as  defined  by 


equation  249,  we  find 


lim(l 

r*i 
01 -l 

Qfa— 1 


_ g(3)  P 

^  @a(l)“sPa(3) 


g.m: 


3 

445 


rr  ~(3 

+  4  -  j  -  3M 


(331) 


For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  206,  250-253, 

and  331, 


lim(l-Y) 

Y+l 

Qfs-1 


.SiLil  f  m  0.260808  . 


0f(l)  3  «(3) 


(332) 


. 
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As  the  way  in  which  the  coefficients  of  compressibility  at 


constant  temperature  approach  infinity  at  the  critical  point  is  of 


interest,  table  55  lists  values  of  tn 


• —  -sA  "  !  and  u\  —  '  TET 
0^  \30  jy  ot3  \o0  J Y 


as  a  function  of  ^(l-Y)  •  These  data  are  illustrated  in  figure  91 


FIGURE  91.  -  Redlich-Kwong  fluid,  logarithmic  function  of  the 

saturated  coefficients  of  compressibility  at  constant 
temperature  as  a  function  of  the  logarithm  of  the 
temperature . 


SATURATED  COEFFICIENTS  OF  THERMAL  EXPANSION  AT  CONSTANT  PRESSURE 
For  the  saturated  gas,  we  have  from  equation  63, 


1  /dofr  \  (l-bofr  )  ( 1+bCfr  )  [Y3^  ( 1+bo^  )  +  (aflx  / 2)  ( 1-bo^  )  ] 
«L  \&Y  h  ~  y[y&  (1+bc^  )2  -ao,  (1-bo,  )2  (2+bo^  )  ] 


(333) 


and  for  the  saturated  liquid. 


X  \  ( l-ba3 )  ( l+b0'3 )  [r^  ( l+btt3 )  +  (aa3/2)(l-bg3)] 

0f3  W  73  y[y^  (l+bctf3)2  -aar3  (l-ba3)3  (2+bas)  ] 


(334) 


Values  of  these  two  functions  as  a  function  of  temperature  are 


< 
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TABLE  55.  -  RED L I CH-KWONG  FLUID,  LOGARITHMIC  FUNCTION  OF  THE 

SATURATED  COEFFICIENTS  OF  COMPRESSIBILITY  AT 
CONSTANT  TEMPERATURE  AS  A  FUNCTION  OF  THE 
LOGARITHM  OF  THE  TEMPERATURE 


Y  =  T/Tc 

a  =  P/Pc 

3  =  P/Pc 

-tn(l-Y) 

* 

*  i  (If), 

0  *  00000E-99 

+  00 

-  00 

-1 .05360E -0 1 

1 .03658E+02 

-8.811 55  E-00 

t-1 .625  18E-01 

5.45891 E+0 1 

-7 . 96 126E-00 

-2 .23 143E-0 1 

3.41 105E+01 

-7 • 33780E-00 

-2.87682E-01 

2 • 33570E+0 1 

-6 . 83486  E-00 

-3.56674E-01 

1 .69148E+01 

-6 . 40472  E-00 

-4.30782E-01 

1 • 27098  E+0 1 

-6 .021 44E-00 

-5  •  10825E-0 1 

9 . 79489E-00 

-5.66892  E-00 

-5  •  97837E-0 1 

7.68232  E-00 

-5 . 33599E-00 

-6.93147E-01 

6 .09825E-00 

-5.01405E-00 

-7 • 98507E-01 

4.87830E-00 

-4 • 69576E-00 

-9 . 16290E -0 1 

3 .91886E-00 

-4 .37420E-00 

-1 .04982E-00 

3. 15250E-00 

-4 • 04 1 98  E-00 

-1 .20397E-00 

2.53491E-00 

-3.69027E-00 

-1 .38629E-00 

2.03786E-00 

-3.3071 2E-00 

-1 .60943E-00 

1 .64609E-00 

-2 . 8742  IE-00 

-1.897 1 IE -00 

1 .35865E-00 

-2. 3592 3 E-00 

-2 .30258E-00 

1 .20092E-00 

-1 .69287E-00 

—2 • 995  73E-00 

1 . 29276E-00 

-6 . 6405 5  E-0 1 

-3.03655E-00 

1 .30717E-00 

-6  •  06793E-0 1 

-3.0791 IE-00 

1.32301 E-00 

-5 . 47429E-0 1 

-3.12356E-00 

1 .34040E-00 

-4.85784E-01 

-3. 17008E-00 

1 • 35949E-00 

-4.21653E-01 

-3.21887E-00 

1 .38044E-00 

-3 • 54803E-01 

-3*270 16E-00 

1 .40346E-00 

-2  •  84965 E-0 1 

-3.32423E-00 

1 .42877E-00 

—  2. 11826  E—0 1 

-3.3813  9E-00 

1.45665  E-00 

-1 .35023E-01 

-3 .4420  IE -00 

1 .48741E-00 

-5.41282E-02 

-3 • 50655E-00 

1.521 43  E-00 

3  •  13701E-02 

-3.57555E-00 

1 .55920E-00 

1 .22084E-01 

-3 .64965E-00 

1 .60127E-00 

2.18762E-01 

-3.72970E-00 

1 .64838E-00 

3  •  22328E-0 1 

-3.816  71E -00 

1.70141 E-00 

4 . 33940E-0 1 

-3 .91202E-00 

1.761 55E-00 

5 . 55084E-0 1 

-4.01738E-00 

1 .83036E-00 

6.877  08E-0 1 

-4.13516E-00 

1 .90995E-00 

8 • 34436E-0 1 

-4 • 26869E-00 

2.00331 E-00 

9 „ 98929E-0 1 

-4.42284E-00 

2.1 1486E-00 

1.1865  IE-00 

-4.60517E-00 

2 • 25148E-00 

1 .40541E-00 

*^4 .82  83  IE -00 

2.42480E-00 

1 .66930E-00 

-5.1 1599E-00 

2 • 65682  E-00 

2.0036 1 E-00 

-5.52 146E -00 

2 . 99741 E-00 

2 • 46494E-00 

-6.2 1460E-00 

3 • 60779E-00 

3.23 189E-00 

-6 . 90775E -00 

4. 243  55  E-00 

3 . 977  96E-00 
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FIGURE  91.—  Redlich-Kwong  Fluid,  Logarithmic  Function  of  the 

Saturated  Coefficients  of  Compressibility  at  Con¬ 
stant  Temperature  as  a  Function  of  the  Loga¬ 
rithm  of  the  Temperature. 
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listed  in  table  56  and  are  illustrated  in  figures  92  and  93. 


FIGURE  92.  -  Redlich-Kwong  fluid,  saturated  coefficients  of  thermal 
expansion  at  constant  pressure  as  a  function  of 
temperature . 

FIGURE  93.  -  Redlich-Kwong  fluid,  saturated  coefficients  of  thermal 
expansion  at  constant  pressure  as  a  function  of  temper¬ 
ature  near  the  critical  point. 


Values  of  the  asymptotic  function  of  the  saturated  coefficients 
of  thermal  expansion  at  constant  pressure  as  a  function  of  (1-Y) 
are  listed  in  table  57.  These  same  data  are  illustrated,  near  the 
critical  point,  in  figure  94. 


FIGURE  94.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 

saturated  coefficients  of  thermal  expansion  at 
constant  pressure  as  a  function  of  temperature. 


The  value  of  the  asymptotic  function  of  the  saturated  coeffi¬ 
cients  of  thermal  expansion  at  constant  pressure  at  the  critical 
point  may  be  evaluated  in  the  following  way. 

From  mathematics , 

„  jl  .  -imi.. 

%  Vay  /g  <%ea(1)  : 


(335) 


r 


*  '  - 


* 


. 


TABLE  56.  -  REDLICH- 

KWONG  FLUID?  SATURATED 

COEFFICIENTS  OF 

THERMAL 

EXPANSION  AT  CONSTANT 

PRESSURE  AS  A 

FUNCTION 

OF  TEMPERATURE 

o 

H 

EH 

II 

>- 

a  =  P/Pc 

P  =  P/Pe 

Y 

1  ('S«L\ 

1  ('da3\ 

Vdy  /p 

0 . OOOOOE -99 

+  » 

0. 00000E-99 

1 • OOOOOE-O 1 

1 oOOOOOE+Ol 

1 .97360E-01 

1 • 50000E-0 1 

6 . 66666E-00 

2.47239E-01 

2 • OOOOOE-O 1 

5 . 00000  E-00 

2 . 93506E-0 1 

2 .50000E-01 

4 • 00000  E-00 

3.39078  E-0 1 

3 • OOOOOE-O 1 

3. 33333 E-00 

3 . 85844E-0 1 

3.50000E-01 

2 . 8  5726E-00 

4 . 3541 OE-O 1 

4 • OOOOOE-O 1 

2.501 44E-00 

4.8  9440E-0 1 

4.50000E-01 

2.23012  E-00 

5 . 4992  OE-O 1 

5 .OOOOOE -01 

2.02691 E-00 

6 . 19439E-01 

5 • 50000E -0  1 

1.88541 E-00 

7.01 593E-0 1 

6 • OOOOOE-O 1 

1 .80369E-00 

8 .01642E-01 

6 •50000E-0 1 

1.78321 E-00 

9  •  27716E-01 

7 . OOOOOE -0 1 

1 .83121 E-00 

1 . 09323E-00 

7 • 5  0000 E -0 1 

1 .96659E-00 

1.32224E-00 

8 • OOOOOE-O 1 

2  «  23379E-00 

1 . 6  6  2  6  7  E  -  0  0 

8 • 5  OOOOE -0 1 

2.74374E-00 

2 . 2  2  6  3  7  E  -  0  0 

9 .OOOOOE-O 1 

3.837 19  E-00 

3 . 348  94E-00 

9 . 50000E -0 1 

7.22741 E-00 

6.711 04E-00 

9 • 52000E-0 1 

7.51175  E-00 

6 .99127E-00 

9 . 54000E -0 1 

7.8  209  2  E-00 

7. 29 5 89 E-00 

9 • 56000E-0 1 

8 . 15832E-00 

7.62824E-00 

9 .58000E-0 1 

8. 5 2 79 5 E-00 

7  » 99227E-00 

9*6 OOOOE -01 

8 .93466  E-00 

8 . 3  92 74 E-00 

9.62000E-01 

9 • 38429  E-00 

8.83  543  E-00 

9 • 64000E-0 1 

9.8  8  39  8  E-00 

9.32736E-00 

9.66000E-01 

1 .0442  5E+0 1 

9. 87725E-00 

9.68000E-01 

1 . 10710E+01 

1 . 04959E+Q 1 

9 • 70000E -0 1 

1. 17833E+01 

1 . 1 1 973  E+0 1 

9 • 72000E-0 1 

1 .25975E+01 

1 . 19989E+01 

9 • 74000E -0 1 

1.35370E+01 

1.29241 E+0 1 

9 • 76000E -0 1 

1 .46330E+01 

1 .40037E+01 

9.78000E-01 

1. 59283E+01 

1 . 52800E+0 1 

9 • 8 OOOOE— 0 1 

1 .74825E+01 

1 .68118E+01 

9.82000E-01 

1.93818  E+0 1 

1 . 86  846  E  +0 1 

9 . 84000E -0 1 

2. 17555E+01 

2.1 0264E+01 

9.86000E-01 

2.48068E+01 

2 . 40383  E+0 1 

9 • 88000E-0 1 

2.88741 E+0 1 

2 . 80557E+01 

9 . 90000E -0 1 

3.45663E+01 

3 . 36826E+0 1 

9 . 92000E-0 1 

4. 31009E+01 

4.21273E+01 

9 • 94000E  — 0 1 

5 . 7  31 79  E  +  0 1 

5 . 62099E+0  1 

9 . 96000E-0 1 

8 . 57327E+0 1 

8 .43957E+01 

9.98000E-01 

1 • 70897E+0  2 

1 .69034E+02 

9 • 99000E  ~0 1 

3 • 41078E+02 

3 . 38463  E+02 

1 .00000E-00 

-j-  CO 

+  00 

' 
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FIGURE  92.“  Redlich -Kwong  Fluid.  Saturated  Coefficients  of 

Thermal  Expansion  at  Constant  Pressure  as  a 
Function  of  Temperature. 
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FIGURE  93,-Redlich-Kwong  Fluid,  Saturated  Coefficients  of  Thermal 

Expansion  at  Constant  Pressure  as  a  Function  of  Temper¬ 
ature  Near  the  Critical  Point. 


TABLE  57.  -  RED L I CH- 

KWONG  FLUID,  ASYMPTOTIC 

FUNCTION  OF  TH 

SATURATE 

D  COEFFICIENTS  OF  THERMA 

L  EXPANSION  AT 

CONSTANT 

PRESSURE  AS  A  FUNCTION 

OF  TEMPERATURE 

o 

H 

h" 

II 

>■ 

=  P/Pc 

p  =  p/pc 

(1-Y) 

(l-Y) 

c*!  \3Y  /0 

(l-Y)  ['^3 

a3  VdY 

1  .00000E -00 

+  00 

0 • 00000E-9 

9 • 00000E -0 1 

9.00000E-00 

1 .77624E-0 

8 . 50000E-0 1 

5.66666E-00 

2.101 53  E-0 

8 • OOOOOE-O 1 

4 . 00000  E-00 

2.348  05  E-0 

7 . 50000E-0 1 

3.00000  E-00 

2 • 543  08  E-0 

7  •  OOOOOE-O 1 

2 • 33333  E-00 

2.7  009 1 E-0 

6 .50000E-0 1 

1 • 85722  E-00 

2.83016E-0 

6 • OOOOOE-O 1 

1 • 5008  6  E-00 

2 . 93664E-0 

5.50000E-01 

1  •  22656  E-00 

3 • 02456E-0 

5 • OOOOOE-O 1 

1 .01345E-00 

3 . 097 1 9E-0 

4 . 50000E-0 1 

8 • 48436E-0 1 

3.15717E-0 

4 . OOOOOE -0 1 

7.21478E-01 

3 . 20656E-0 

3  •  50000E-0 1 

6.241 26  E-0 1 

3 • 24700  E-0 

3  •  OOOOOE-O 1 

5 • 49364E-0 1 

3 . 2  797 1 E-0 

2 . 50000E -0 1 

4.91 647  E-0 1 

3 . 30560E-0 

2  •  OOOOOE-O 1 

4.46758E-01 

3 . 32535E-0 

1 .50000E-01 

4. 11561 E-0 1 

3.33956E-0 

1 .00000E-01 

3.83719E-01 

3 . 34894E-0 

5. OOOOOE -0  2 

3. 61370 E- 01 

3 • 3  5552  E-0 

4  •  80000E-02 

.  3 • 60  564E-0 1 

3 .35581 E-0 

4.60000E-02 

3 • 59762  E-0 1 

3.35611 E-0 

4.40000E-02 

3 • 58966E-0 1 

3.3  5642  E-0 

4.20000E-02 

3 . 58 1 74 E-0 1 

3.3  567  5  E-0 

4  •  00000E-02 

3 • 57386E-0 1 

3 . 357  09  E-0 

3 .80000E-02 

3 • 56603  E-0 1 

3 • 35746E-0 

3 . 60000E -02 

3 • 55823E-0 1 

3.35785  E-0 

3  .40000E-02 

3 • 55046E-0 1 

3 . 3  5826E-0 

3  •  20000E-02 

3 • 54273  E-0 1 

3. 35871 E-0 

3  .OOOOOE-O 2 

3.53501 E-0 1 

3.3591 9E-0 

2  •  80000E-02 

3.52731 E-0 1 

3 . 3597 1 E-0 

2.60000E-02 

3 • 51962E-0 1 

3.36028E-0 

2.40000E-02 

3.51 193  E-0 1 

3 . 36090E-0 

2.20000E-02 

3 • 50422  E-0 1 

3 . 361 60E-0 

2  •  00000E-02 

3 • 49650  E-0 1 

3 . 36237E-0 

1  •  80000E -0  2 

3 • 488  72  E-0  1 

3 . 36324E-0 

1 .60000E-02 

3 . 48089  E-0 1 

3 . 36423  E-0 

1  .40000E-0  2 

3 • 47296E-0  1 

3 • 36536E-0 

1.20000E-02 

3 . 46489  E-0 1 

3 • 3 666 9 E-0 

1 .00000E-02 

3 • 45663  E-0 1 

3 . 36826E-0 

8 . 00000E-03 

3 • 44807E-0 1 

3.37018E-0 

6  .OOOOOE-O 3 

3.43907E-01 

3 • 37259E-0 

4 . 00000E-03 

3.42931 E-0 1 

3.37582E-0 

2  .OOOOOE -03 

3.41 79  5  E-0  1 

3 . 38069E-0 

1 .00000E-03 

3 .41078  E-0 1 

3 . 38463E-0 

0  . OOOOOE -99 

3.39610  E-0  1 

3.39610E-0 

E 

), 

9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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FIGURE  94.—  Redlfch-Kwong  Fluid,  Asymptotic  Function  of  the 

Saturated  Coefficients  of  Thermo!  Expansion  at 
Constant  Pressure  as  a  Function  of  Temperature. 
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Therefore , 


lim 


Y-*l 

«L-1 


(M  \  i 

\oy  J&_ 

Oy(l))c 


lim 


Y“*l 

-l 


-IkiYL. 

°^(D 


(336) 


or, 


since 


at  the  critical  point,  we  then  have  from  equa¬ 


tions  320  and  336, 


lim 


Y-l 

-*1 


% 


O'), 


.  ) 


ttQfor 


c  .  p 


^^aY^c  • p  • 


(337) 


For  a  Redlich-Kwong  fluid,  we 


then  have  from  equations  178, 


195,  and 


337, 


lim 

Y~*l 


r  ii=n 

L 

v^y  ypJ 

=  0.339610 


(338) 


Similarly, 


lim 

y-*l 

&3~*1 


L131 

* 


0.339610 


(339) 


DIFFERENCES  BETWEEN  THE  HEAT  CAPACITIES  AT  CONSTANT  PRESSURE 
AND  AT  CONSTANT  VOLUME  AT  SATURATION 


For  the  saturated  gas,  we  have  from  equation  114, 
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VS  =  [Y*3  (l+bft.  )  +  (ac^  /2)  (1-bg?,  )  T 

r  y2/2.  [y^fe  (1+bc^  )2  -ac^  (l-bo^  )2  (2+ba  )  ] 


(340) 


and  for  the  saturated  liquid , 


R 

C 


Values  of 
function  of  y. 


a  =  [Y^d+bofs)  +  (aa3/2)(l-tas)P 

r’6  [Y^  (l+ba3)2  -aaf3  (l-ba3)2  (2+bc*3)] 


(341) 


-c  c  -c 

P1  vi  P3  v3 

- -  and  - - - -  are  listed  in  table  58  as  a 


R 


R 


These  same  data  are  illustrated  in  figures  95  and  96 


FIGURE  95.  -  Redlich-Kwong  fluid,  differences  in  the  saturated  heat 
capacities  at  constant  pressure  and  at  constant  volume 
as  a  function  of  temperature. 

FIGURE  96.  -  Redlich-Kwong  fluid,  differences  in  the  saturated  heat 
capacities  at  constant  pressure  and  at  constant  volume 
as  a  function  of  temperature  near  the  critical  point. 


Values  of 


(l-Y)(Cn  -C  ) 


R 


and 


(1-Y)(C  -C  ) 


R 


as  a  function  of 


(1-Y)  are  listed  in  table  59  and  are  illustrated,  near  the  critical 


. 


' 
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TABLE  58 


Y 

0  .OOOOOE 
1  .OOOOOE 

1  . 5  OOOOE 

2  .OOOOOE 
2 . 5 OOOOE 

3  .OOOOOE 
3 . 5 OOOOE 
4. OOOOOE 

4 . 5  OOOOE 
5 .OOOOOE 
5  •  5 OOOOE 
6 .OOOOOE 

6 . 5  OOOOE 
7. OOOOOE 

7  •  50000E 

8  .OOOOOE 

8 . 5  OOOOE 
9. OOOOOE 
9.50000E 
9.52000E 
9.54000E 
9.56000E 

9  •  58000E 

9 . 6  OOOOE 
9.62000E 
9.64000E 
9.66000E 
9.68000E 
9.70000E 
9.72000E 
9.74000E 
9.76000E 
9.78000E 
9.80000E 
9.82000E 
9.84000E 
9.86000E 
9.88000E 
9.90000E 
9.92000E 
9.94000E 
9.96000E 
9.98000E 
9.99000E 
1  .OOOOOE 


-  REDLICH- 

KWONG  FLUID,  DIFFERENCES 

IN  THE  SATURAT 

HEAT  CAP 

ACITIES  AT  CONSTANT  PRESSURE  AND  AT 

CONSTANT 

VOLUME  AS  A  FUNCTION  OF 

Y  =  T/Tc 

TEMPERATURE 

cPl  -Cvj 

Cn  _  Cy 
p  3  v  3 

R 

R 

99 

1 .OOOOOE+OO 

2 . 25000E  +  00 

01 

1 .00000E-00 

2 . 29450E-00 

01 

1 . 00000  E-00 

2 . 33377E-00 

01 

1 .00000E-00 

2 . 38290E-00 

01 

1.00000  E-00 

2 • 44243  E-00 

01 

1 .00000E-00 

2.51355E-00 

01 

1 .00005E-00 

2.598 1 4E-00 

01 

1 .00070E-00 

2 . 6  9894E—00 

01 

1 . 00437E-00 

2.81984E-00 

01 

1 .01663E-00 

2 . 96642  E-00 

01 

1 • 04597E-00 

3 . 1467  9E-00 

01 

1 . 10296E-00 

3 . 37299E-00 

01 

1.20108  E-00 

3 . 66372  E-00 

01 

1 . 36045  E-00 

4.04972E-00 

01 

1 • 61 666  E-00 

4.5  8  554E-00 

01 

2.0421 7E-00 

5 . 37864E-00 

01 

2. 81091 E-00 

6 . 67556E-00 

01 

4 • 46069  E-00 

9.201 24E-00 

•01 

9.77862E-00 

1 .64852E+01 

01 

1 .02353E+01 

1 .70801 E+01 

•01 

1.07333  E  +  0 1 

1 .77253E+01 

01 

1 • 1 2783E+0 1 

1 .84275E+01 

-01 

1.  18773E+0 1 

1 .91946E+01 

01 

1 .25385E+01 

2 . 003 64 E+0 1 

■01 

1.3271 7  E  +  0 1 

2 • 09 6 44 E+0 1 

01 

1 .40894E+01 

2.1 9927E+0 1 

•01 

1 • 50065  E+0 1 

2 . 3 1 388  E+0 1 

01 

1 .60421E+01 

2. 44245 E+01 

•01 

1.72202  E  +  0 1 

2 . 587 74 E+0 1 

01 

1 .85718E+01 

2 . 7  5  3  2  8  E  +0 1 

•01 

2.01377E+01 

2 . 94367  E+0 1 

01 

2.19721 E+01 

3.16506E+01 

•01 

2.41493  E  +  0 1 

3 . 42580E+0 1 

•01 

2.67737E+01 

3.73755E+01 

•01 

2  •  999  61 E  +  01 

4.11711 E+0 1 

•01 

3.40437E+01 

4 . 58963E  +  0 1 

-01 

3.92745  E  +  0 1 

5.19451 E+0 1 

•01 

4 . 62870E+0 1 

5 . 99725E+01 

•01 

5.61623  E  +  0 1 

7.11 536E+0 1 

•01 

7. 10703E+01 

8 • 783  06  E  +  0 1 

-01 

9 • 60955  E  +  0 1 

1 .15448E+02 

•01 

1 .46564E+02 

1 .70265E+02 

-01 

2. 99586E+02 

3 . 331 04E  +  02 

•01 

6.08  507E+02 

6 • 55907E+02 

-00 

+  o' 

4-  CO 

- 


■ 
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FIGURE  95*  ~  Redlfch— Kwong  Flufd,  Differences  fn  the  Saturated 

Heat  Capacities  at  Constant  Pressure  and  at  Constant 
Volume  as  a  Function  of  Temperature. 


200 

i  80 

160 

140 

120 

100 

80 

60 

40 

20 

0 


261 


T 


T 


T 


T 


T 


0.96 


0.97 


0.9  8 


0.9  9 


1.00 


r 

96.- Redlich  -  Kwong  Fluid,  Differences  in  the  Saturated 
Heat  Capacities  at  Constant  Pressure  and  at 
Constant  Volume  as  a  Function  of  Temperature 
Near  the  Critical  Point. 


TABLE  59. 


-  REOLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
DIFFERENCES  IN  THE  SATURATED  HEAT  CAPACITIES  AT 
CONSTANT  PRESSURE  AND  AT  CONSTANT  VOLUME  AS  A 
FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc 


(I-Y) 

1 .00000E-00 
9  .  OOOOOE “0 1 
8  •  50000E-0 1 
8  . OOOOOE-0 1 
7  •  50000E-0 1 
7  .OOOOOE-O 1 

6 . 5  OOOOE -0 1 
6. OOOOOE-O 1 
5.50000E-01 
5. OOOOOE-O 1 
4  •  50000E-01 
4  .OOOOOE-O 1 
3. 5 OOOOE -01 
3  .OOOOOE-O 1 

2 . 5  OOOOE -0 1 

2  .OOOOOE-O 1 
1  •  50000E-01 
1 .00000E-01 
5 . 00000E-02 
4.80000E-02 
4 . 60000E— 02 
4.40000E-02 
4 . 20000E -02 
4 .  OOOOOE-O 2 
3 . 80000E-02 
3 .60000E-0  2 

3  .40000E -02 
•  3.20000E-02 

3 . 00000E-02 
2 .80000E-02 
2 .60000E-02 
2 .4 OOOOE -0  2 
2 . 20000E-02 
2 .OOOOOE-O  2 
1 .80000E-02 
1  .60000E-02 
1 .40000E-02 

1  .20000E-02 
1 .00000E-02 
8.00000E-03 
6  .  OOOOOE -03 

4  .OOOOOE-O 3 

2  •  OOOOOE -03 
1  .OOOOOE-O 3 
0.00000E-99 


(1“Y)  (CRi  ) 
R 

1 .00000E-00 
9  •  OOOOOE-O 1 
8 .50000E-01 
8.  OOOOOE— 01 
7 . 50000  E-0 1 
7  •  OOOOOE-O 1 
6 . 50034E-0 1 
6 • 00424E-0 1 
5 • 52406E-0 1 
5.08318  E-0 1 
4 • 70689E-0 1 
4 . 41 1 8  6  E-0  1 
4.20378E-01 
4.08137E-01 
4.04165E-01 
4 • 08434E-0 1 
4.21636E-01 
4 • 460  69  E-0  1 
4. 88931 E-0 1 
4.9 1 294E-0  1 
4.93732E-01 
4 • 96249  E-0  1 
4.98850E-01 
5.01540  E-0  1 
5.04327E-01 
5.07218  E-0  1 
5 . 1 0  22 1 E-0 1 
5 . 1 3347  E-0 1 
5.1 660  6  E~ 0 1 
5 . 200 1 2  E-0 1 
5.23581 E-0 1 
5.27331 E-0  1 
5.31 286E-0 1 
5 . 35474E-0 1 
5 . 39929  E-0 1 
5.44699E-01 
5 • 49843E-0 1 
5. 55444E-01 
5.6 1 623  E-0 1 
5 • 68  5  62  E-0 1 
5 • 765  73  E-0 1 
5 • 86257E-0  1 
5 . 99 1 73  E-0 1 
6 • 08  507  E-0  1 
6.31724E-01 


(1-Y) (Cp3-CV3) 
R 

2.25000E+00 
2 . 06505  E-00 
1 .98371E-00 
1 .90632E-00 
1 .83182E-00 
1 .75948E-00 
1 .68879E-00 
1 .61936E-00 
1 .55091E-00 
1 .48321E-00 
1  . 41 605  E-00 
1 .34919E-00 
1 . 28230E-00 
1  •  21491 E-00 
1  . 1463  8 E-00 
1 .07572E-00 
1 .00133E-00 
9.201 24E-0 1 
8.2426 1 E-0 1 
8 • 19849E-0 1 
8.15367E-01 
8. 1 08 11 E-0 1 
8.0617  7 E-0 1 
8.0 1 45  7  E-0  1 
7 . 96647E-0 1 
7. 9 173 7 E-0 1 
7.86720E-01 
7.81586E— 01 
7.76323E— 01 
7 .7091 8  E-0 1 
7 . 65355E-0 1 
7.5961 6  E-0 1 
7 .53677E-01 
7.47510E-01 
7.41080E-01 
7 .34341 E-01 
7 . 27232E-0 1 
7.1 9670E-0 1 
7 . 11536E-01 
7 . 02645  E-0 1 
6 . 92688E-0 1 
6.8 1 062  E-0 1 
6.66208E-01 
6 . 5 5907  E-0  1 
6.31724E-01 


• «?  •:  Jfl  At 


. 


- 

t 
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point,  in  figure  97. 


FIGURE  97.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 


differences  in  the  saturated  heat  capacities  at 


constant  pressure  and  at  constant  volume  as  a 


function  of  temperature. 


The  limiting  value  of  the  asymptotic  function  of  the  differ¬ 
ences  in  the  saturated  heat  capacities  at  constant  pressure  and  at 
constant  volume  as  the  critical  point  is  approached  may  be  determined 
in  the  following  way. 

From  equation  113, 

r  cFfT~  *  Klj- 

Qt 

Then,  sufficiently  close  to  the  critical  point,  we  have  from  equa¬ 
tions  113  and  260, 

(i-y)(cP-c,)  _  yz°py 

R  2(^)0  .p.  '  C 

The  re  for  e , 


lim 

Y-l 

cr*  1 


(1-Y)  (Cp  “Cy  )  7  /fl,N2 


R 


(343) 


1 


(I  ~  y)(C 
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Differences  in  the  Saturated  Heat  Capacities  at  Constant 
Pressure  and  at  Constant  Volume  as  a  Function  of 
Temperature. 
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For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  23,  178,  195, 


and  343 , 


lim 

Y-l 

cr»l 


(1"Y)  (Cp  — Cy  ) 
R 


0.631724 


(344) 


RATIO  OF  THE  HEAT  CAPACITIES  AT  CONSTANT  PRESSURE 
AND  AT  CONSTANT  VOLUME  AT  SATURATION 

From  equation  117,  assuming  Cy /R  =  3/2,  the  value  for  a  mon¬ 
atomic  gas ,  we  have  for  the  saturated  gas , 

CPi  4b[Y^  (1+bOfr  )  +  (aflfr  /2)  (1-bpfr  )  j2 _  45 

cVl  ^  IjV^U+bc^  )2  -ac^  (1-boi  )2  (2+be^  )][2bY^  +  a  ttUl+bai)]  ’ 

and  for  the  saturated  liquid, 


=  1  + 


4b  [Y3^  ( l+bg3 )  +  (aa3  /2) ( 1 -bq3 ) J2 _ 

3[Y^  (l+ba3)2-a^3(l-ba3)2  (2+bas)][2bY^2  +  a  Ln(l+ba3)] 


.  (346) 


Values  of  these  two  functions  are  listed  in  table  60  as  a  function 
of  temperature.  These  same  data  are  illustrated  in  figures  98  and  99 


FIGURE  98.  -  Redlich-Kwong  fluid,  ratios  of  the  saturated  heat 
capacities  at  constant  pressure  and  at  constant 
volume  as  a  function  of  temperature. 

FIGURE  99.  -  Redlich-Kwong  fluid,  ratios  of  the  saturated  heat 

capacities  at  constant  pressure  and  at  constant  volume 
as  a  function  of  temperature  near  the  critical  point. 


' 


■ 
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TABLE  60.  -  RED  L I CH-KW0NG  FLUID?  RATIOS  OF  THE  : 

SATURATED  HEAT 

CAPACITIES 

AT  CONSTANT  PRESSURE  AND 

AT  CONSTANT 

VOLUME  AS  A 

FUNCTION  OF  TEMPERATURE 

u 

H 

H 

II 

>- 

Cp/C?  =  5/3 

Y 

(cPl/cVi) 

(cp3/cv3) 

0 .00000E-99 

1 . 66666  E  +  00 

1  .OOOOOE+OO 

1 .00000E-01 

1 • 66666  E-00 

1 .02803E-00 

1 .50000E-01 

1 .66666E-00 

1 .05199E-00 

2 • OOOOOE -0 1 

1 • 66666  E— 00 

1 .08103E-00 

2 .50000E-01 

1 . 66666E-00 

1 .  11499E-00 

3  . OOOOOE -0 1 

1 .66666E-00 

1 . 15403E-00 

3.50000E-01 

1 .66669E-00 

1.198  58  E-00 

4 . OOOOOE -0 1 

1 . 6670  5  E-00 

1 .24942E-00 

4.50000E— 01 

1 .66909E-00 

1 .30776E-00 

5 . OOOOOE -0 1 

1 .67590E-00 

1 .37543E-00 

5 . 50000E -0 1 

1 .69216E-00 

1 .4551 8E-00 

6  •  OOOOOE -0 1 

1 • 72363  E-00 

1 .55127E-00 

6  •  5 OOOOE -0 1 

1.77746E-00 

1 .67041E-00 

7 • OOOOOE -0 1 

1 .86409E-00 

1 .82387E-00 

7.50000E-01 

2 .00149E-00 

2.03188  E-00 

8  •  OOOOOE-O 1 

2. 22567E-00 

2 . 3347 1 E-00 

8 . 50000E-0 1 

2.62 1 53  E-00 

2. 82588 E-00 

9  .  OOOOOE-O 1 

3 • 44647  E-00 

3 . 7 8407E-00 

9 . 5  OOOOE -0 1 

6 . 00084E-00 

6.591 06  E-00 

9 • 5  2000E -0 1 

6 . 2 1 604E-00 

6 . 82283  E-00 

9 . 54000E -0 1 

6 . 45020  E-00 

7 . 07452  E-00 

9  •  5 6 OOOE -0 1 

6. 7059 2 E-00 

7 • 34883  E-00 

9 . 5  8000E -0 1 

6 .98628E-00 

7 • 64897E-00 

9 . 60000E -0 1 

7 • 2950 1 E-00 

7 . 97 88 2 E-00 

9 .62000E-01 

7.63661 E-00 

8 • 34304E— 00 

9.64000E-01 

8.0 1 65  7E-00 

8 . 747  33  E-00 

9 . 66  OOOE  —0 1 

8  « 441 69 E-00 

9. 198 74 E-00 

9.68000E-01 

8 . 92047E-00 

9. 7060 6 E-00 

9.70000E-01 

9 . 46369E-00 

1 .02804E+01 

9 • 72000E-01 

1 .00852E+01 

1 .09362E+01 

9  •  74000E -0 1 

1 .08031E+01 

1  . 16920E+0 1 

9  •  76000E-0 1 

1 . 16417E+01 

1 .25729E+01 

9 .78000E-0 1 

1 .26340E+01 

1 .36127E  +  01 

9 • 80000E -0 1 

1.38261 E+0 1 

1  .48591E+01 

9. 82 OOOE -01 

1.528 50 E+01 

1 .63807E+01 

9  •  84000E -0 1 

1.71 109E+0 1 

1 .82803E+01 

9 • 86  OOOE -0 1 

1 .94618E+01 

2.07196E+01 

9 • 88000E -0 1 

2. 26006E+01 

2 . 39675E+01 

9 . 90000E -0 1 

2.70017E+01 

2.8508 1 E+0  1 

9  » 92000E-0 1 

3 . 361 39  E  +  0 1 

3 . 53082E+01 

9  •  94000E -0 1 

4.46541 E+0 1 

4.6622 1E+01 

9  •  96 OOOE-0 1 

6 . 67800E+0 1 

6 . 92044E+0 1 

9 . 98  OOOE -0 1 

1 .33330E+02 

1 .36778E+02 

9.99000E-01 

2 • 66733  E+0  2 

2 . 7 1624E+02 

1 . OOOOOE -00 

+  °° 

+  » 

' 


, 

' 
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0  0.2  0.4  0.6  0.8  1.0 


7 

FIGURE  98,-Redlich-Kwong  Fluid,  Ratios  of  the  Saturated  Heat  Capac¬ 
ities  at  Constant  Pressure  and  at  Constant  Volume  as  a 
Function  of  Temperature. 
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Monotcmlc  gcs,  C°/C°-5/3 


y  =  T/Tc 


0.96  0.97  0.98  0.99  1.00 


y 


IURE  99.-Redlich- Kwong  Fluid,  Ratios  of  the  Saturated  Heat 
Capacities  at  Constant  Pressure  and  at  Constant 


Volume  as  a  Function  of  Temperature  Near  the 

Critical  Point. 
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p  p 

Values  of  (1-Y)  7“  and  (1-Y)  77“^  as  a  function  of  (1-Y)  are 

S  S 

vi  v  3 

listed  in  table  61  and  are  illustrated,  near  the  critical  point,  in 
figure  100 . 


FIGURE  100.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 

ratios  of  the  saturated  heat  capacities  at  constant 
pressure  and  at  constant  volume  as  a  function  of 
temperature . 


The  limiting  value  of  the  asymptotic  function  of  the  ratios  of 
the  saturated  heat  capacities  at  constant  pressure  and  at  constant 
volume  as  the  critical  point  is  approached  may  be  determined  in  the 
following  way. 

From  equations  87  and  116,  we  find  that 


Cp_  _  _ _ 

c»  "  1  +  <^Pa[(C?/R)  -  +  YX^)] 


(347) 


If  we  take  Cy /R  =  3/2,  then  it  follows  that 


lim(l-Y) 

Y-l 

cr-l 


Cp 

Cy 


Z o(P,)f  .?■  ^  (1-Y) 

[1.5  -  (2Xy  +  Xyy)0  oP Pa 

cr^l 


(348) 


or,  substituting  equation  260  in  equation  348, 


r 


■  • 
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TABLE  61. 


U-Y) 


1 .00000E 
9. OOOOOE 
8  *  5  OOOOE 
8.00000E 
7.50000E 
7 .  OOOOOE 
6 .50000E 
6. OOOOOE 
5.50000E 
5  .OOOOOE 
4.50000E 
4. OOOOOE 
3  •  50000E 
3. OOOOOE 

2 . 5  OOOOE 

2  .OOOOOE 
1 .50000E 

1  .OOOOOE 

5  .OOOOOE 
4.80000E 

4 . 6  OOOOE 
4.40000E 
4 . 2 OOOOE 
4. OOOOOE 

3  •  80000E 
3  .6 OOOOE 
3 . 40000E 
3  •  2 OOOOE 
3  .OOOOOE 
2 . 8  OOOOE 
2 .60000E 

2  .40000E 
2  •  20000E 
2  .OOOOOE 
1 .80000E 
1  .60000E 
1 .40000E 
1  .  2  OOOOE 

1  .OOOOOE 
8  .OOOOOE 

6  .OOOOOE 
4. OOOOOE 

2  .OOOOOE 
1  .OOOOOE 
0 .OOOOOE 


-  REDLI CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 
RATIOS  OF  THE  SATURATED  HEAT  CAPACITIES  AT 
CONSTANT  PRESSURE  AND  AT  CONSTANT  VOLUME  AS  A 
FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc  C°/Cj  =  5/3 


(1~Y)  (CPi  /Cy  ^  ) 

(1-Y)  (Cp  ^  /Cv  3) 

00 

1 • 66666E+00 

1 • 00000E-00 

01 

1 • 49999E-00 

9.25228E-01 

01 

1 .41666E-00 

8 . 94 192 E-0 1 

01 

1 .33333E-00 

8 . 6482  8  E-0 1 

01 

1 .25000E-00 

8 . 36248E-0 1 

01 

1 .  16666E-00 

8.07  822  E-0 1 

01 

1 .08335E-00 

7 .79078E-01 

01 

1 .00023E-00 

7.49654E-01 

01 

9.1 8003E-0 1 

7 . 19270E-01 

01 

8  •  37951 E-0 1 

6.87715  E-0 1 

01 

7.6 1473  E-0 1 

6 . 54833E-0 1 

01 

6 . 89452  E-0 1 

6 . 20508E-0 1 

01 

6.221 14E-0 1 

5 . 84645E-0 1 

01 

5 . 59228  E-0 1 

5.47163  E-0 1 

01 

5.00373E-01 

5.07  970E-0 1 

01 

4.45134E-01 

4 . 66942  E~0 1 

01 

3.93229E-01 

4.23882E-01 

01 

3 • 44647  E-0 1 

3.7  8407  E-0  1 

02 

3.00042E-01 

3 .2955 3 E-0 1 

•0  2 

2.98370  E-0  1 

3  »  27496  E-0  1 

02 

2 . 96709  E-0 1 

3.2  542  8  E-0 1 

0  2 

2.95060  E-0 1 

3 . 23348E-0 1 

02 

2 . 93424E-0 1 

3. 2125 7 E -01 

■0  2 

2.91800  E-0  1 

3.191 53  E-0 1 

02 

2  ®  90 19 1 E-0 1 

3 » 17035E-0 I 

■0  2 

2 . 88  596E-0  1 

3 . 149 04 E—0 1 

02 

2.87017E-01 

3 . 1 2757 E—0 1 

0  2 

2.8  5455  E-0  1 

3.10594E-01 

02 

2.83910E-01 

3.08413E-01 

0  2 

2 . 82386E-0  1 

3.06213  E-0 1 

02 

2 . 80882E-0 1 

3 • 03  993  E-0 1 

02 

2 . 79402  E-0  1 

3 . 01749E-0 1 

02 

2 . 77948  E-0 1 

2 . 9948  OE-O 1 

0  2 

2 . 76523  E~0  1 

2.97183  E-0 1 

02 

2.751 30E-0 1 

2 . 94853E-0 1 

0  2 

2.73775  E-0 1 

2 . 92486  E-0 1 

02 

2 . 72465  E—0 1 

2 .90075E-01 

•0  2 

2.7 1 208  E-0 1 

2 . 87610E-01 

02 

2.70017E-01 

2.85081 E-0 1 

■0  3 

2.68911 E-0 1 

2 . 82465  E-0 1 

03 

2 . 67924E-0 1 

2 . 79732  E-0 1 

■0  3 

2.671 20E-0 1 

2 . 76817E-0 1 

03 

2.66660E-01 

2 . 73557E-0 1 

■03 

2.66733  E-0  1 

2.71624E-01 

99 

2 • 68249E-01 

2 .68249E-0 1 

, 


1  .  '  1 
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FIGURE  lOO.-Redlich-Kwong  Fluid,  Asymptotic  Function  of  the  Ratios 
of  the  Saturated  Heat  Capacities  at  Constant  Pressure  and 
at  Constant  Volume  as  a  Function  of  Temperature. 
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lim(l-Y) 
Y-l 
on  1 


Zc  (3')I.e. 


2C1-5  -  (2Xy  +Xyy)c.p.](3^y)c.p 


(349) 


For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  23,  48, 


49,  178,  195,  and  349, 


CP 

lim(l-Y)  7 T” 
Y-l  Cv 
on  l 


=  0.268249 


(350) 


VELOCITIES  OF  SOUND  AT  SATURATION 


Taking  C° /R  =  3/2,  the  value  for  a  monatomic  gas,  we  have  from 
equation  121  for  the  saturated  gas, 


MQf 

RT„ 


[Y3^  ( 1+bo^  )2  -a ot1  (l-bcfr  )s  (2+boj  )  ] 
YXfe(l-ba1)2(l+bQ'1)2 


+ 


4b[Y3/fe  (1+baj  )  +  (aoj/2)(l-bcy1)]2 
3Yvfe(l-ba1)2(l+bO'1)s[2bY3fe  +  a  ^(1+bc*)] 


(351) 


and  for  the  saturated  liquid, 

Mag  =  [Y^  (l+bff3)2  -aQC3  (l-bof3)s  (2+bq3)] 
Y^(l-ba3)2(l+b  q3)2 


+ 


4b[Y3^(l+b(y3)  +  (aa3/2)(l-b&3)]2 
3Y^  (l-bq3)2  ( l+boc3 )2  [2bY^  +  a  £n(l+bq3)] 


Values  of  C^^l/RTc  and  QSy/k/RTc 


(352) 


as  a  function  of  Y  are 


I 
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listed  in  table  62.  These  same  data  are  illustrated  in  figures 
101  and  102. 


FIGURE  101.  -  Redlich-Kwong  fluid,  saturated  velocities  of  sound 

as  a  function  of  temperature. 

FIGURE  102.  -  Redlich-Kwong  fluid,  saturated  velocities  of  sound 

as  a  function  of  temperature  near  the  critical  point. 


At  the  critical  point,  assuming  /R  =  3/2,  we  have  from  equa¬ 
tion  122, 


1.46927 


(353) 


or, 

Q0^k/RT0  =  1.21213  .  (354) 

Values  of  the  asymptotic  function  of  the  saturated  velocities 
of  sound  as  a  function  of  temperature  are  listed  in  table  63.  These 
same  data  are  illustrated  in  figure  103  near  the  critical  point. 


FIGURE  103.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 

saturated  velocities  of  sound  as  a  function  of 


temperature . 


, 
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TABLE  62.  -  REDL I CH-KWONG  FLUID,  SATURATED  VELOCITIES  OF  SOUND 

AS  A  FUNCTION  OF  TEMPERATURE 


Q  =  velocity 
Y  =  T/Tc 


Y 


M  =  molecular  weight 
C°/C°  =  5/3 


a 


0  •  OOOOOE "99 

1  .OOOOOE -01 
1 .50000E-01 

2  .OOOOOE -01 

2.500006- 01 
3.  OOOOOE -01 

3  •  50000E-0 1 

4  .OOOOOE -0 1 
4 . 5  00  OOE  — 0  1 
5 .OOOOOE  -0 1 
5 • 50000E-0 1 
6  .  OOOOOE -0 1 
6 .50000E-01 
7 .OOOOOE -0  1 
7 . 50000E -0 1 

8  .OOOOOE -0 1 
8.50000E-01 
9 • OOOOOE -0 1 

9.500006- 01 
9.520006-01 
9 . 54000E -0 1 
9 . 56000E -0 1 
9 • 5  8000E -0 1 
9.60000E-01 
9 .62000E-01 
9 . 64000E -0 1 
9 . 66000E -0 1 
9 . 68000 E -01 

9  •  70000E-0 1 
9.72000E-01 
9  •  74000E-0 1 
9 . 76000E -0 1 
9 . 78000E-0  i 
9.80000E-01 
9.8  2000E -01 
9  •  84000E -0 1 
9  •  86000E-0 1 
9 . 88000E -0 1 
9 . 90000E -0 1 
9.92000E-Q1 
9  •  94000E -01 
9  •  96000E -0 1 
9 . 98000E -0 1 
9.99000E-01 
1 .00000 E-QO 


0 .00000E-99 
4.08248E-01 
4.99999E-01 
5 , 77350  E-0 1 
6 • 4549  7E~0 1 
7.07106E-01 
7.63756E-01 
8.1 6410  E-0  1 
8 • 65472E-0 1 
9 • 10723  E-0  1 
9.51467E-01 
9 . 86880  E-0  1 
1 .016306-00 
1 .039416-00 
1 .05618E-00 
1.067056-00 
1 .073126-00 
1 . 07709  E-00 
1 .087426-00 
1.08829E-00 
1 „08923E~OO 
1 .09024E-00 
1  .091  32E-00 
1.092506-00 
1 .09376E-00 
1.095146-00 
1.096626-00 
1 .09824E-00 
1  ,  100006-00 
I  .  101926=00 
1 .  10402  E-00 
1. 10633E-00 
1 . 10888E-00 
1.  11170E-00 
1 o 11484E-00 
1.  11837E-00 
1 .122376-00 
1 .  12694E-00 
1 . 13226E-Q0 
1 .  13857E-00 
1 . 146306-00 
1.  15627E-00 
1  .  1 7064E-00 
1 . 181  77E-00 
1.21213E-00 


+  00 

2.46086E+01 
1 • 63633E  +  0 1 
1 .22275E  +  01 
9 • 733  70E-00 
8 • 05897E-00 
6  •  85066E-00 
5.93227E-00 
5  « 20560E -00 
4,61  160E-00 
4.1 1269E-00 
3*6837 9E-00 
3.307516-00 
2.97 1306-00 
2 • 665  65  E -00 
2.38286E-00 
2 .115986-00 
1 .85726E-00 
1,593576-00 
1.582536-00 
1 .57142E-00 
1 .56023E-00 
1.548956-00 
1 .53758E-00 
1 .526116-00 
1 .514536-00 
1,502836-00 
1 .49099E-00 
1  .47899E-00 
1 • 46683  E -00 
1 .454486-00 
1 .44 191 E-00 
1.429096-00 
I  ,415996-00 
1  .402566-00 
1 .388736-00 
1 .374426-00 
1.359526-00 
1.343876-00 
1.327216-00 
1.309126-00 
1.288786-00 
1.264036-00 
1  .247706-00 
1  .212  13E-0Q 
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FIGURE  1 0 1,— Redllch-Kwong  Fluid,  Saturated  Velocities  of  Sound 

as  a  Function  of  Temperature. 
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FIGURE  102.— Redlich-Kwong  Fluid,  Saturated  Velocities  of  Sound  as  a 

Function  of  Temperature  Near  the  Critical  Point. 
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TABLE  63.  -  REDL I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE  SATU¬ 
RATED  VELOCITIES  OF  SOUND  AS  A  FUNCTION  OF  TEMPERATURE 


G  =  velocity 
Y  =  T/Tc 

(1-Y) 


M  =  molecular  weight 
C°/Cj  =  5/3 


1 .00000E-00 
9 • OOOOOE -0 1 
8 • 50000E -0  1 
8 .OOOOOE -01 
7 • 50000E -0 1 
7. OOOOOE -01 
6 . 50000E -0 1 
6 .OOOOOE -01 
5 .50000E-01 
5 . OOOOOE -0 1 
4.5000QE-01 
4 . OOOOOE -0  1 
3 . 50000E -0 1 
3 .OOOOOE -0 1 
2 . 50Q00E -0  1 
2 .OOOOOE -0  1 
1 .5000QE-01 
1 .OOOOOE -01 
5 • OOOOQE -02 
4 . 8000QE -02 
4.6000QE-02 
4 .40000E -02 
4 . 2000QE -02 
4 .OOOOQE -0  2 
3 • 80Q00E -02 
3.6000QE-02 
3 .40Q0QE-02 
3.20000E-02 
3 .OOOOOE -02 
2.8000QE-02 
2.60000E-02 
2 .4000QE-02 
2 . 2000QE -02 
2 .00Q0QE-02 
1 .8000QE-02 
1 .6000QE -02 
1 .4000QE-02 
1 .2000QE -02 
1 .0000QE-02 
8 .OOOOQE -0  3 
6 . OOOOQE -03 
4 .OOOOQE “0  3 
2 . OOOOOE -03 
1 .OOOOOE -03 
0 • OOOOQE -99 


2*1 5877E-00 
1 .69679 E-00 
1 .48663E-00 
1 .29037E-00 
1 . 10  7 99 E-00 
9 « 39500E-0  1 
7  *  849 1 5  E-0  1 
6 • 4441 1 E-0 1 
5. 18738E-01 
4.09421E-01 
3 • 18082E-01 
2 • 45367E-0 1 
1 .90438E-0 1 
1.51243E-01 
1.251 33E-0  1 
1 .09338E-01 
1 .0092  7  E -0 1 
9.55701E-02 
8 • 22429E-02 
8.1 1598E-02 
8 .00020  E-0  2 
7. 8 763 8 E-0 2 
7.74387E-02 
7.60 199E-02 
7 • 44997  E -0  2 
7 »  28696E-02 
7.11 204E-02 
6.9241 6E-02 
6.72215E-02 
6.50471 E— 02 
6.27035E-02 
6.01736E-02 
5. 74380E-02 
5.44739E-02 
5. 12545E-02 
4.77479E-02 
4.391 52  E-0  2 
3.97081 E-02 
3. 50649E-02 
2 • 99036E-02 
2 • 4 1089E-02 
1 • 75049  E-0  2 
9.7761 3E-03 
5.28337E-03 
0.00000E-99 


+  a> 

3 . 64954E  +05 
7 .09100E+04 
2. 19  1 7  1 E  +04 
8.70035E+03 
4.02  94  2E+G  3 
2  •  06682E  +03 
1  .  1372  IE  +03 
6  *  5 6 846 E  +02 
3.91946E+02 
2 . 38547E  +02 
1 .46435E+02 
8  *  96878E+0 1 
5.41601E+01 
3. 17692E+01 
1 .7713 7 E +01 
9 . 0488  2 E “00 
3.92 10QE-00 
1 . 14536E-00 

1  *  07 152E-Q0 
1 .00019E-00 
9.31318E-01 
8*64880 E— 0 1 
8  *  0  0  8  4  6  E  -  0  1 
7.39186E-01 
6 . 7987 2E-0 1 
6.2  2877E-0 1 
^  ®  68  17 BE -01 
5. 1 5 750 E-0 1 
4.65574E -0 1 
4. 17629E-01 
3.7I901E-01 
3.283 7 6E -01 
2.67  044 E-0 1 
2 .47903E-01 

2  •  1095  1  E-0 1 
1  .76199E-01 
1 .43 664 E-0 1 
1.  13378E-01 
8  •  5395  IE-02 
5 . 98009E-02 
3.67438E-02 
1.651 17E- 02 
7 .653 14E-0  3 
0 . 00000E-99 


1  (jiJiiM 

' 

SO  JPt 

10  3980i  *.S 


'  Ini  IT 


S  -3P0008.* 

SO  j  'OOOd.s 
SO  3QOOO*. s 
SO- 3POOOS.S 

S0-3p000d.  i 
SO- 3pOOO^. i 

SO-300OOO.1 

99-300000.0 
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FIGURE  1 03- Redlich  - Kwong  Fluid,  Asymptotic  Function  of  the 

Saturated  Velocities  of  Sound  as  a  Function  of 
Tempercture. 
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SATURATED  JOULE- THOMSON  COEFFICIENTS 


From  equation  126,  for  the  saturated  gas,  we  have 

/dY\  =  _ J. _ [Y^bq+bOt  )s  -  (a/2)  (l-bg1  )g  (5+3ba,  )  ] 

3(CPi/R)  [Y36  ( 1+bOi  )8  -at>i  ( l-b^  )s  (2+bOi  )  ] 


(355) 


where,  for  the  saturated  gas,  we  obtain  from  equation  127,  assuming 
C$7R  =  3/2, 


2l 

R 


3 

4bY^ 


2bY3/fe  +  a  ^(l+boi  ) 


+ 


[Y^q+boQ  +  (ao1!  /2)  (l-boj  )]2 

[-ySyfe  (1+bQi  )2  (X-bQ^  )2  (2+bQi  )  ] 


Similarly,  for  the  saturated  liquid. 


/a^\  _  _  1  [Y3febq+bg3)s-(a/2)(l-ba3)z  (5+3ba3)] 

3(CP3/R)  [Y5*  (l+bg3)2  -aa3(l-bor3)s  (2+ba3)] 


(356) 


(357) 


where,  for  the  saturated  liquid,  we  obtain  from  equation  127,  assum- 
ing  C?/R  =  3/2, 


+  a  Ln(l+ba3) 


[Y%(H-ba3)  +  (aa3/2)(l-ba3)]s 
Y%[Yafe(l+bO(3)2-ag3(X-b«3)2  (2+bg3)] 


(358) 


.  • 
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In  table  64,  values  of  the  saturated  Joule -Thoms on  coefficients 
are  listed  as  a  function  of  temperature.  These  same  data  are  illu¬ 
strated  in  figures  104  and  105. 


FIGURE  104.  -  Redlich-Kwong  fluid,  saturated  Joule-Thomson  coeffi¬ 
cients  as  a  function  of  temperature. 

FIGURE  105.  -  Redlich-Kwong  fluid,  saturated  Joule-Thomson  coeffi¬ 
cients  as  a  function  of  temperature  near  the  critical 
point. 


Values  of  the  asymptotic  function  of  the  saturated  Joule-Thomson 
coefficients  as  a  function  of  (1-Y)  are  listed  in  table  65.  These 
same  data  are  illustrated,  near  the  critical  point,  in  figure  106. 


FIGURE  106.  -  Redlich-Kwong  fluid,  asymptotic  function  of  the 

saturated  Joule-Thomson  coefficients  as  a  function 
of  temperature. 


JOULE-THOMSON  INVERSION  CURVE  FOR  A 
REDLICH-KWONG  FLUID 

From  equations  155  and  156,  we  find  that  the  Joule-Thomson 
inversion  curve  for  a  Redlich-Kwong  fluid  is  determined  by  the 
equations 


. 


I 


.  J 


TABLE  64*  -  RED L I CH-KWONG  FLUID,  SATURATED  JGUL E-THOMSON 

COEFFICIENTS  AS  A  FUNCTION  OF  TEMPERATURE 


Y  =  T/Tc 

TD 

II 

f-d 

t-d 

o 

Cp/C^  =  5/3 

Y 

(t@\ 

@)H 

n3 

0.00000E-99 

+  00 

0.00000E-99 

1 .OOOOOE-OI 

1 . 34834E+0 1 

-1 .02248E-03 

1 .50000E-01 

7 . 32 367 E- 00 

-1 .80985E-03 

2 .OOOOOE-Ql 

4.74471E-00 

-2.66396E-03 

2.50000E-01 

3.385 1 8E-00 

-3 . 53234E-03 

3 .OOOOOE-OI 

2 • 56690E-00 

-4 . 37004E- 03 

3 • 50000E -0 I 

2 .02985E-00 

-5.1 3477E-03 

4. OOOOOE-OI 

1.65523E-00 

-5.7  8309E- 03 

4 • 5  0000E “0  1 

1 .38203E-00 

-6 . 2662 7E-03 

5. OOOOOE-OI 

1. 17606E-00 

-6 . 52490E-03 

5.50000E-01 

1 .01661E-00 

-6.48105E-03 

6. OOOOOE-OI 

8.90226E-01 

~6 . 02630E- 03 

6 . 50000E -0  1 

7.8  762  7  E-0 1 

-5.00191 E-03 

7. OOOOOE-OI 

7.02157E-01 

-3. 16406E-03 

7 • 50000E -0 1 

6.28751 E~0 1 

-1 . 17990E-04 

8 .OOOOOE-OI 

5 . 63147E-0  1 

4.81828E-03 

8 . 50000E -0 1 

5. 010 53 E-0  1 

1 .29321 E-02 

9. OOOOOE-OI 

4. 3 6 74 7 E-0  1 

2.70101E-02 

9 • 50000E -0 1 

3 . 58860E-G 1 

5.48602E-02 

9.52000E-01 

3.5511 3E-0  1 

5 . 65430E-02 

9 • 54000E -0 1 

3.51289E-01 

5. 82949 E~ 02 

9 .56000E -01 

3 . 47382E-0 I 

6 . 01208  E-02 

9 • 58000E-Q  1 

3 • 43 3 86 E-01 

6.20263E-02 

9.60000E-01 

3 • 39294E-0 1 

6.40172E-02 

9.62000E-01 

3.351 00  E-0 1 

6 .6 1005 E-02 

9.64000E-01 

3 »  30796E-0 1 

6 . 82840E-02 

9.66000E-Q1 

3.26371 E-0 1 

7 • 05764  E-02 

9.68000E-01 

3.2181 5E-0  1 

7.29878E-0? 

9 • 70000E-0 1 

3.171 16E-01 

7 .55301 E-02 

9 . 72000E -0  1 

3.  1 2260E-0  1 

7 . 82167E-02 

9.74000E-01 

3.07230E-01 

8.1 0639E-02 

9 . 76000E -0  1 

3 . 02006E-0 1 

8.40909E— 02 

9 • 78000E -0 1 

2 . 96565E-0 1 

8  *  73209E-02 

9 . 80000E -0 I 

2.90876E-01 

9  *  07 826 E-02 

9.82000E-01 

2 . 84904E-0 1 

9.4511 9 E-02 

9 • 84000E -0  1 

2.78601 E-0 1 

9  •  85549E-02 

9.86000E-01 

2.71907E-01 

1 .02972E-01 

9.88000E-01 

2 • 64737E-0  1 

1.07847E-01 

9 . 90000E -0 1 

2 • 56971 E-0 1 

1 .13299E-01 

9.92000E-01 

2.48426E-0  1 

1. 19511 E-01 

9.94000E-01 

2 • 38  795  E-0 1 

1 .26789E-01 

9 . 96000E -0 1 

2.27481E-01 

1.3572 9 E-01 

9 . 98000E -0  1 

2. 12954E-01 

1 .47859E-01 

9 • 99000E -0  1 

2.Q2856E-Q1 

1 .56750E-01 

1 .00000E-00 

1.79197E-01 

1 .791 97E-0 1 

' 

* 
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FIGURE  104-Redlich  -  Kwong  Fluid,  Saturated  Joule  -  Thomson 

Coefficients  as  a  Function  of  Temperature. 
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FIGURE  105,-RedlIch-Kwong  Fluid,  Saturoted  Joule-Thonson  Coe'f 

cients  as  a  Function  of  Temperature  Mear  the  Critica1 
Point. 


284 


TABLE  65.  -  REDL I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 

SATURATED  JOUL E- THOMSON  COEFF I C I  ENTS ~ AS  A  FUNCTION 
OF  TEMPERATURE 


1 .00000E-00 
9.00000E-01 
8 • 50000E “0 1 
8 . OOOOOE  “0 1 
7 • 5  OOOOE “0 1 
7 . OOOOOE -0 1 
6 • 50000E -0 1 
6 .OOOOOE -0 1 
5 . 50000E-0 1 
5 . OOOOOE -0 1 
4 • 50Q00E -Q 1 
4 . OOOOOE -0 1 
3 .50000E-01 
3 .OOOOOE -0 1 
2 • 50000E -0 1 
2 .OOOOOE -01 
1 .50Q00E-01 
1 .OOOOOE -01 
5 . OOOOOE -02 
4 . 80000E “0  2 
4 .60000E-02 
4 .40000E -02 
4 • 20000E “02 
4.00000E-02 
3 . 80000E -02 
3 .6  OOOOE “0  2 
3 .40000E -02 
3 .20000E -02 
3.00000E-02 
2 . 80000E “0  2 
2 . 60000E-02 
2 .40000E ”02 
2.20000E-02 
2  .OOOOOE -02 
1 .80000E-02 
1 .60Q00E-02 
1.40000E-02 

1  .20000E-02 
1 • OOOOOE -02 
8 .00000E-03 
6.00Q00E-03 
4  .OOOOOE -0  3 

2  •  OOOOOE -03 
1 .00000E-03 
0.00000E-99 


+  05 

1 .77003E  +  02 
5. 10435E+01 
2 . 08439E+0 1 
1 .02783E+01 
5.70115E-00 
3 •  42492  E-00 
2 . 17868  E-00 
1 .4468 1 E”00 
9 . 93738  E-0  1 
7.0 1270E-0 1 
5 . 05562  E-0  1 
3.70  186E-0  1 
2.73487E-01 
2 .02098E-0 1 
1.4741 7  E-0  1 
1 .03591 E-01 
6 • 63321 E-02 
3,227  88E-02 
3.09465E-02 
2.96155E-02 
2. 8 28 60 E “02 
2 „ 69578  E-02 
2 . 563 1 1 E-02 
2.430586-0 2 
2 • 29821 E-02 
2. 16601E-02 
2.03399E-02 
1 *90217E-02 
1.77058E-02 
1 .63924E-02 
1. 50820E-02 
1.37751E-02 
1.24721E-02 
1.11738E-02 
9.88117E-03 
8.59511E-03 
7 . 31 707E-03 
6 .0488 1 E-0  3 
4. 79265E-03 
3 . 55 1 86E-0  3 
2 . 331 31 E-0 3 
1.13951E-03 
5. 59755E-Q4 
0.00000E-99 


3.211 1 7E-02 
3 . 24792  E-02 
3.27636E-02 
3 • 30736E-02 
3 • 33902E-02 
3.36970E-02 
3 • 39784E -02 
3.42178E-02 
3 • 4396  8E -02 
3 • 44928  E- 02 
3 • 447  6  5  E “02 
3.43078E-02 
3.392 94 E-02 
3 . 32  557E-02 
3.21 540E-02 
3. 04081 E-02 
2 • 7644 1 E-02 
2. 31610 E-0 2 
1 .54597E-02 
1 • 50441 E-02 
1  . 4  6 1  7  4  E  -  0  2 
1 .4 1792 E-02 
1 .37291 E-02 
1 , 32665E-02 
1 .279096-02 
1 .230186-0? 
1  .  17985 E-02 
1 . 128 04 E-0 2 
1 ,074696-02 
1 .01971E-02 
9. 63 02 OE- 03 
9 . 04 52 7 E-0 3 
8.44131E-03 
7.81719E-03 
7. 1716 5 E- 03 
6 • 50324E-03 
5 . 8 1 029E-03 
5 • 09085  E-03 
4 . 342  54E-03 
3*56241 E-03 
2.74657E-03 
1 ,889506-03 
9.82049E-04 
5 • 03  856E-04 
0  .OOOOOE-99 
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FIGURE  106—  Redlich-  Kwong  Fluid,  Asymptotic  Function  of  the 

Saturated  Joule-  Thomson  Coefficients  as  a 
Function  of  Temperature. 
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and 


a(l-bcr)2  (5+3boA  l2'*3 

2b(l+ba)3  J 


(155) 


0)  _  =  3a[5-4baf 


-5b2 a?][j 


a 

rr 


4bB (1+ba) ■ (1-bo)2 (5+3ba) _ 


(156) 


Values  of  (<x)^Q,  (P)^,  and  (Y)^  are  tabulated  in  table  66. 
Figure  107  illustrates  the  Joule-Thomson  inversion  curve  for  a 


FIGURE  107.  -  Redlich-Kwong  fluid,  Joule-Ihomson  inversion  curve 


Redlich-Kwong  fluid. 


CRITICAL  ISOTHERM 

From  equation  26,  we  obtain  for  the  critical  isothe 


rm 


P(Y=1)  =3Qfc^-  a^)J  ■ 

Values  of  6  for  the  critical  isotherm  are  listed  in  table  67 
as  a  function  of  a.  These  same  data  are  illustrated  in  figure  108 


(359) 


FIGURE  108.  -  Redlich-Kwong  fluid,  pressure  as  a  function  of 

density  for  the  critical  isotherm. 


irrir  equation  24,  we  have  for  the  critical  isotherm 


Z(Y=1)  =  ' 


acy 


_( 1-ba)  (i+ba)j  * 


(360) 


t 


' 


, 
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TABLE  66.  -  RED L I CH-KWONG  FLUID,  JOUL E-THOMSON  INVERSION  CURVE 


V  -  T/Tc 

01  =  P/Pc 

3  =  p/pc 

(Y)n=0 

(or)  (jl=0 

(3)ij,=o 

5 .33855F-00 

0  .OOOOOE-99 

0  o  OOOOOE-99 

5 .25000E-00 

2 • 8  3804E-0  2 

4.48972E-01 

5  •  00000E-00 

1 . 11002E-01 

1 .69389E-00 

4.75000E-00 

1 .97537  E-0 1 

2. 9017 4 E-00 

4 . 5GOOOE -00 

2.88  292E-0 1 

4.06697E-00 

4.2  5000E  —00 

3 . 8  360  5  E-0 1 

5 . 18291E-00 

4 • OOOOOE -00 

4 . 83860  E-0 1 

6 . 24 154E-00 

3.75000E-00 

5. 8 9490 E-0 1 

7 . 23308E-00 

3  •  50000E-00 

7.00989E-01 

8 . 14546E-00 

3.25000E-00 

8 . 18924E-0  1 

8 .96360E-00 

3  •  00000E-00 

9 • 43952E-0 1 

9  o 66838E-00 

2 .89265E-00 

1 .OOOOOE-OO 

9.93  032  E-00 

2 • 75000E-00 

1. 0768 4 E- 00 

1 .02350E+01 

2.50000E-00 

1.21851 E-00 

1 .06310E+01 

2 . 25000E-00 

1 • 37005E-00 

1 .08122E+01 

2.20 10  IE —00 

1.40 102 E-00 

1 .08177E+01 

2  •  OOOOOE-OO 

1 .53283E-00 

1 .07171E+01 

1 . 75  000 E -00 

1.708  53  E-00 

1 c 02563 E+01 

1 .50000E-00 

1 .89936E-00 

9, 29402 E-00 

1  .2500 OE -00 

2. 10827E-00 

7 . 60985  E-00 

1  .OOOOOE-OO 

2 . 33947E-00 

4.8133  IE-00 

9. 5 000 OE -01 

2.388  90  E-00 

4.0632 6 E-00 

9 . OOOOOE-O  1 

2.4 3 953 E-00 

3 . 23096E— 00 

8 . 5  0000 E -0 1 

2. 49 144 E-00 

2. 3 05 3 3 E-00 

8. OOOOOE-O 1 

2 . 54471 E-00 

1 .273  0 1 E-00 

7.5  1 52 5 E -01  (sat.  liquid) 

2.59  775  E-00 

1 . 5495 1 E-0 1 
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FIGURE  107.  Redlich  Kwong  Fluid,  Joule-Thomson  Inversion  Curve. 
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TABLE  67.  -  REDL I CH-KWONG  FLUID.  PRESSURE  AS  A  FUNCTION  OF 

DENSITY  FOR  THE  CRITICAL  I  SO THERM 


a  =  P/Pc 

3  =  P/Pc 

a 

3 

0 .00000E-99 

0 • 0Q0Q0E-99 

I.OOOOOE-Ol 

2 . 7  0  5  0  7  E  -  0 1 

2.00Q00E-01 

4 • 86612E-01 

3 • OOOOOE-O 1 

6, 64901 E ”01 

4 .  OOOOOE-Ol 

7.81 639E-01 

5. OOOOOE-Ol 

8 • 72852E-Q1 

6 .OOOOOE-Ol 

9 • 34404E-01 

7  .OOOOOE-O  1 

9.72075E-01 

8. OOOOOE-Ol 

9 . 91638E-01 

9. OOOOOE-Ol 

9 • 98  942E-0 1 
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FIGURE  108.  Redlich  Kwong  Fluid,  Pressure  as  a  Function  of 

Density  for  the  Critical  Isotherm. 
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Values  of  the  compressibility  factor  of  a  Redlich-Kwong  fluid 
along  the  critical  isotherm  are  listed  in  table  68  as  a  function  of 
o'.  These  same  data  are  illustrated  in  figure  109. 


FIGURE  109.  -  Redlich-Kwong  fluid,  compressibility  factor  as  a 

function  of  density  for  the  critical  isotherm. 


Values  of  -bn  |  (p-1)  |  as  a  function  of  |  (a-1)  |  along  the 
critical  isotherm  are  listed  in  table  69.  These  same  data  are 
illustrated  in  figure  110. 


FIGURE  110.  -  Redlich-Kwong  fluid,  log-log  pressure-density  data 

for  the  critical  isotherm. 


VELOCITY  OF  SOUND  ALONG  THE  CRITICAL  ISOTHERM 
Brom  equation  121,  assuming  C° /R  =  3/2,  the  value  -for  a  mon¬ 
atomic  gas,  we  obtain  for  the  critical  isotherm, 


Met5 

RTC 


(y=i) 


[  (l+bcy)s  -aQf(l-ba)2  (2+bo0 1 

(l-boO^  (l+bo')s 


b[2(l+bo0  +  actd-boOl _ 

3 ( 1  -ber) 2  ( 1+bor) 8 [ 2b+a  1+bcr)]  * 


Values 


of  Q /M/RI 


(361) 


versus  a  along  the  critical  isotherm  are 


TABLE  68. 
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REDLICH-KWONG  FLUID,  COMPRESSIBILITY  FACTOR  AS  A 
FUNCTION  OF  DENSITY  FOR  THE  CRITICAL  ISOTHERM 

Ol  =  p/pc  Z  =  P/PRT 

01  Z 


0  .OOOOOE -99 
1  .  OOOOOE -01 
2.  OOOOOE -01 
3 .OOOOOE -01 
4.  OOOOOE -01 
5 .OOOOOE -01 
6  •  OOOOOE-O 1 
7 • OOQOOE-O 1 

8  .OOOOOE-O 1 
9 . OOOOOE ”01 

9  •  20000E-0 1 
9 .  40000 E  *  0 1 
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FIGURE  109-Redlich-Kwong  Fluid,  Compressibility  Foctor  os  a 

Function  of  Density  for  the  Critical  Isotherm. 
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TABLE  69.  -  REDL I CH-KWONG  FLUID,  LOG-LOG  PRESSURE-DENSITY  DATA 

FOR  THE  CRITICAL  ISOTHERM 


Qt  =  P/Pc 


a 

0.00000E-99 
l .OOOOOE “0 1 
2.00000E-0I 
3  .OOOOOE “0  I 
4 .OOOOOE “0 1 
5 • OOOOOE -0  l 
6.  OOOOOE -01 
7 • OOOOOE -0 1 

8  .OOOOOE -0 1 

9  .OOOOOE “01 
9 . 2  0000E -0 1 
9  .40Q00E “0 1 
9.6000QE-0I 
9 . 800C0E -0 1 
9 . 90000E -0 1 
9 .92000E -0  I 
9.94000E-0  I 
9  •  96000E  ~0  1 
9 .98Q00E “0  1 
9 • 99000E -01 
1  .OOOOOE -00 
1.00 100E “00 
1 .00200E-00 
1 .00400E-Q0 
1 .00600E-00 
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1  . 0 1 OOOE -00 
1 .02000E-00 
1  .04000E-00 
1.06000E-00 
1 . 08000E "00 
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1 .30000E-00 
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FIGURE  NO.  Nedlich-Kwong  Fluid,  Log-Log  Pressure  -  Density 

Data  for  the  Critical  Isotherm. 
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listed  in  table  70.  These  same  data  are  illustrated  in  figure  111. 


FIGURE  111.  -  Redlich-Kwong  fluid,  velocity  of  sound  as  a  function 


of  density  for  the  critical  isotherm. 


DISCONTINUITY  IN  THE  HEAT  CAPACITY  AT  CONSTANT  VOLUME  IN 
PASSING  FROM  TWO  PHASES  PRESENT  IN  THE  CALORIMETER 

TO  A  SINGLE  PHASE 

If  a  calorimeter  is  filled  to  an  overall  density  either  greater 
or  less  than  pc  ,  there  will  be  a  temperature,  below  Tc  ,  above  which 
the  calorimeter  will  be  filled  with  a  single  phase.  If  heat  capaci¬ 
ties  are  experimentally  determined  through  this  temperature,  there 
will  be  a  discontinuity  in  the  measured  Cy  . 


If  the  calorimeter  is  filled  to  a  density  less  than  pc  ,  then 
this  discontinuity  is  given  by  (2) 


phase)  , 


(362) 


or,  in  terms  of  reduced  variables. 


0  1 

' 

till 


>1  di  h  .  Q-  U b  t  o  : 
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TABLE  70.  -  REDLI CH-KWONG  FLUID,  VELOCITY  OF  SOUND  AS  A  FUNCTION 

OF  DENSITY  FOR  THE  CRITICAL  ISOTHERM 

i 

0  =  velocity  M  =  molecular  weight 


p/pc 

c?/cj  =  5/ 

nr 

a 

ttVRTc 

0.00000E-99 

1 .29099E-00 

1  • OOOOOE “0  1 

1.24541E-00 

2 • QOOOOE ”01 

1 .20733E-00 

3  •  OOOOOE “01 

1.1771 OE-OG 

4 • OOOOOE “01 

1.15510E-00 

5. OOOOOE- 01 

I . 14169E-00 

6  . OOOOOE -0 1 

1.  13718E-00 

7  •  OOOOOE-O 1 

1. 14184E-00 

8 • OOOOOE -01 

.1  .  15583E-00 

9. OOOOOE-O 1 

1 . 1 7926E-00 

9 • 20000E-01 

1 .  1 8508E-0Q 

9.40000E-01 

1 . 19127E-00 

9.60000E-01 

1 .197858-00 

9 . 80000E -0 1 

1.20480E-00 

9.90000E -01 

1 .20842E-00 

9 . 92000E “0 1 

1.209168-00 

9 • 94000E “0 1 

1 .20989E-00 

9.960008-01 

] .21 064  E-00 

9 .98 000 E “01 

1 .21138E-00 

9  •  99000E -0 1 

1.21176E-00 

1 .OOOOOE-QO 

1 .212138-00 

1.00100E-00 

1.212 51E-00 

1 .00200E-00 

1 • 2 1 289E-00 

1 .00400E-00 

1 .21364E-00 

1 .006 00 E -00 

1.21441 E-00 

1 .00800E-00 

1.2151 7 E-00 

1 .01000E-00 

1 . 21 5 94 E-00 

1  •  0  2  0  0  0  E  -  0  0 

1 .21984 E-00 

1 .04000E-00 

I . 22793E-00 

1.06000E-00 

1 .236398-00 

1 .08000E-00 

1*245238-00 

i. iqoooE-oo 

1 .2 544  5 E-00 

1 .2Q00QE-00 

1 . 306188-00 

1  • 30000E-00 
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1 .40000 E-00 
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1  *  5  1  8  4  0  E  -  0  0 

1 .60000E-00 
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2.400008-00 

2.81 976E- 00 
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FIGURE  Ml,  -  Redlich— Kwong  Fluid,  Velocity  of  Sound  os  a 

Function  of  Density  for  the  Critical  Isotherm. 
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AC, 


n 


< 


R  \V 

Total 


AC, 


JLl 

R 


[s  <2 


phases)  -  C  (1  phase) 


R 


Z°Y 

0? 


(363) 


If,  however,  the  calorimeter  is  filled  to  a  density  greater 
than  pc  ,  then  the  discontinuity  in  the  measured  Cy  is  given  by  (2) 


— >pc)  =  ^cV3  , 

Total  J 

=  |"cv  (2  phases) 

=  X  P  (*££? 
p|  P(3)VdT  J 

or,  in  terms  of  reduced  variables, 


Cy  3  ( 1  phase)]  , 


(364) 


ACy  (  n 

Total 


R  Vvr  >  Pc 


ACy 

~ 


Lcv  3  (2  phases)  -  (1  phase)  j 


R 


Z°  r  ^q(3) 

ai 


(365) 


Since  3^  at  saturation  is  always  greater  than  zero,  except  at 
the  critical  point,  then  we  see  from  equations  363  and  365  that  the 


■ 
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two-phase  heat  capacity  at  constant  volume  is  always  greater  than 
the  single-phase  heat  capacity,  except  perhaps  at  the  critical  point. 


AC. 


AC. 


Values  of 


and 


as  a  function  of  Y  are  listed  in  table 


R  R 

71.  These  same  data  are  illustrated  in  figures  112  and  113 


FIGURE  112.  -  Red lich-Kwong  fluid,  discontinuities  in  the  measured 

heat  capacities  at  constant  volume  in  passing  from 
two  phases  present  in  the  calorimeter  to  a  single 
phase  as  a  function  of  temperature. 

FIGURE  113.  -  Redlich-Kwong  fluid,  discontinuities  in  the  measured 

heat  capacities  at  constant  volume  in  passing  from 
two  phases  present  in  the  calorimeter  to  a  single 
phase  as  a  function  of  temperature  near  the  critical 
point. 


T 


In  a  previous  paper  (_L)  ,  it  is  shown  that 


lim 

Y-l 

cr*l 


ACy 

R 


3^2e 
2 B  ’ 

3ZC  (PaY)?.P. 

(8  ) 
v otctot' c  •  p  • 


For  a  Redlich-Kwong  fluid,  we  then  have  from  equations  23,  178, 


179,  and  366, 


lim 

Y-l 

Q—l 


ACy 

R 


(366) 


=  10.4901 


(367) 


•; 


t 

tfi 


. 


>  '  * 


TABLE  71. 


Y 

0.0000 OE 
1 .00000E 
1  .50000E 
2.00000E 
2.50000E 
3 • COOOOE 
3 .50000E 
4.00000E 
4.50000E 
5.00000E 
5.50000E 
6.00000E 
6.50000E 
7 . OOOOOE 
7.50000E 
8. OOOOOE 
8.50000E 
9. OOOOOE 
9.50000E 
9.52000E 
9.54000E 
9.56000E 
9.58000E 
9.60000E 
9.62000E 
9.64000E 
9.66000E 
9.68000E 
9.70000E 
9. 72000 E 
9.74000E 
9.76000E 
9.78000E 
9.80000E 
9.82000E 
9.84000E 
9.86000E 
9.88000E 
9.90000E 
9.92000E 
9.94000E 
9.96000E 
9.98000E 
9.99000E 
1 .OOOOOE 
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-  REDL I CH-KWONG  FLUID,  DISCONTINUITIES  IN  THE  MEASURED 
HEAT  CAPACITIES  AT  CONSTANT  VOLUME  IN  PASSING  FROM 
TWO  PHASES  PRESENT  IN  THE  CALORIMETER  TO  A  SINGLE 
PHASE  AS  A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc  ACV  =  Cv (2  phases)  -  Cv  (1  phase) 

MV!  ACV3 

R  R 


99 

-j-  00 

2.25000E+00 

01 

2.58271 E+04 

2 • 29450E-00 

01 

7 • 53000E+03 

2  •  33377E-00 

01 

3.1 1491 E+03 

2 • 38290E-00 

01 

1 . 55850E  +  03 

2 .44243E-00 

01 

8  •  78333E  +  02 

2.5 13  55E-00 

■01 

5 • 3671 8E+02 

2 . 598  13E-00 

01 

3 • 47639E+02 

2.69883E-00 

01 

2.35403E+02 

2.8190  IE-00 

01 

1 .65326E+02 

2 • 96244E -00 

01 

1 . 19869E+02 

3. 13304E-00 

01 

8 .94097E+0 1 

3.335 10E-00 

01 

6.83582E+01 

3 • 57394E-00 

01 

5 • 33522E+01 

3 • 85709E-00 

01 

4.231 56E+0 1 

4. 19608E-00 

01 

3 • 39326E+0 1 

4.60968E-00 

01 

2  *  73368E  +  0  1 

5. 13  I29E-00 

01 

2. 19127E+01 

5 • 82946E-00 

01 

1 • 71059E+0 1 

6.891 13E-00 

01 

1.691 58E+0 1 

6 • 94795  E -00 

01 

1 • 67252E+0 1 

7 . 00650E -00 

01 

1.65338E+01 

7 • 06690E -00 

01 

1 . 6341 5E+0 1 

7 . 1 2 92 9 E -00 

01 

1 .61482E+01 

7. 193816-00 

01 

1. 59537E+01 

7 .26063E-00 

01 

1 »57577E+01 

7 .32996E-00 

01 

1. 55601E+01 

7 . 4  0  2  0  2  E  ~  0  0 

01 

1 . 53606E+0 1 

7 .477 06 E- 00 

01 

1 . 51588E+01 

7 • 55539E-00 

01 

1 • 49545E+0  1 

7 .63736E-00 

01 

1.47471E+01 

7.72  338E-00 

01 

1 .45361E+01 

7 . 8  1 3  9  5  E  -  0  0 

01 

1 .43210E+01 

7 • 90969E “00 

01 

1 .41009E+01 

8.01 134E-00 

01 

1 • 38  750E  +  0 1 

8. 11987E-00 

01 

1 • 36419E+01 

8.2364 8E-00 

01 

1 • 3400 1 E+0 1 

8 . 36282E-00 

01 

1 .31472E+01 

8.501 1 3E -00 

01 

1.2880 1 E+0 1 

8 . 65466E-00 

01 

1 .25936E+01 

8 . 82840E -00 

01 

1.22795E+01 

9.03078E-00 

01 

1.19211E+01 

9.27831  E -00 

01 

1. 14756E+01 

9.6 1 379E-00 

01 

1 . 11744 E +01 

9  •  86033E-00 

00 

1 .04901E+01 

1 .04901E+01 
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I  FIGURE  112.-- Redlich-Kwong  Fluid,  Discontinuities  in  the  Measured 

Heal  Capacities  at  Constant  Volume  in  Passing  from 
Two  Phases  Present  in  the  Calorimeter  to  a  Single 
Phase  as  a  Function  of  Temperature, 


FIGURE  tl^-Redlich-Kwong  Fluid,  Discontinuities  in  the  Measured 

Heat  Capacities  at  Constant  Volume  in  Passing  from 
Two  Phases  Present  in  the  Calorimeter  to  a  Single 

Phase  as  a  Function  of  Temperature  Near  the  Critical 
Point. 
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Values  of  the  asymptotic  function  of  the  discontinuities  in 
the  measured  heat  capacities  at  constant  volume  in  passing  from  two 
phases  present  in  the  calorimeter  to  a  single  phase  are  listed  in 
table  72  as  a  function  of  temperature.  These  same  data  are  illu¬ 
strated,  near  the  critical  point,  in  figure  114. 


FIGURE  114.  -  Redlich»Kwong  fluid,  asymptotic  function  of  the 

discontinuities  in  the  measured  heat  capacities  at 
constant  volume  in  passing  from  two  phases  present 
in  the  calorimeter  to  a  single  phase  as  a  function 
of  temperature . 
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TAB! E  72.  -  REDL I CH-KWONG  FLUID,  ASYMPTOTIC  FUNCTION  OF  THE 

DISCONTINUITIES  IN  THE  MEASURED  HEAT  CAPACITIES 
AT  CONSTANT  VOLUME  IN  PASSING  FROM  TWO  PHASES 
PRESENT  IN  THE  CALORIMETER  TO  A  SINGLE  PHASE  AS 
A  FUNCTION  OF  TEMPERATURE 

Y  =  T/Tc  ACV  =  Cv  (2  phases)  -  Cv  (1  phase) 


"ACy  1  "  )  c  .  P  . 

a 

“  (ACy  )  c  tP  . 

L  R  J 

R  J 

1 .OOOQOE-OO 
9.00000E-01 
8 .50000E-0I 
8.00000E-0 1 
7 . 50000E -01 
7. 000 00 E -0  1 
6 • 50000E -01 
6 • OOOOOE -0  1 
5.50000E-01 
5 • OOOOOE -0  1 
4.50000E-01 
4. OOOOOE -01 
3.50000E-01 
3 .OOOOOE -0  1 
2. 5 0 000 E -01 
2. OOOOOE -01 
1 .50000E-01 
1. OOOOOE -01 
5 .00000F-02 
4 , 80000E-0  2 
4 .60000E-02 
4.40000E-02 
4 • 20000E -02 
4. OOOOOE -02 
3 . 80000E-02 
3. 6 0000 E -02 
3.40000E-02 
3 • 20000E -0 2 
3 • OOOOOE -02 
2.80000E-02 
2 .60000E -02 
2.40000E-02 
2 . 20000E -02 
2 . OOOOOE -0  2 
1 .80000E-02 
1 . 60000E -0  2 
1 . 40000E -02 
1. 20000E-02 
1 .00000E-02 
8.00000E-03 
6 . OOOOOE -03 
4 . OOOOOE-O  3 
2 • OOOOOE -03 
1 .00000E-03 
0 .OOOOOE -99 


-f  00 

6. 66501 E +08 
5.65431E+07 
9 . 63  746E  +  06 
2 . 3963  5E  +  Q6 
7.53152E+05 
2. 76916E+05 
1 . 13669E+05 
5 . 05860E+04 
2. 39743 E+04 
1 . 1 9638E+04 
6.22829E+03 
3 • 3487 1 E  +  03 
1.83715E+03 
1 .01286E+03 
5 . 4954SE+02 
2.83809E+02 
]. .  30475 E +  02 
4.37688E+01 
4.  12  897E  +  01 
3.88755E+01 
3.65254E+01 
3  •  4  2  3  8  4  E  +  0 1 
3. 20137 E +  01 
2  •  98504E+0 1 
2. 7 747 7 E+ 01 
2.57050E+01 
2 • 372 16E+01 
2. 17969E+01 
1 . 99303  E  + 01. 
1.81215E+01 
1 .63699E  +  01 
1 • 46755E+01 
1 . 30379E  +  0 1 
1 . 14573E  +  01 
9.93384E+00 
8. 467 87 E +00 
7.06016E+00 
5.711 86E+00 
4. 42479 E+ 00 
3.20 180E+00 
2 • 04759E+00 
9 . 7 1 1 8  4  E  -  0 1 
4 . 6  8  2  4  7  E  -  0 1 
0 . 00000E-99 


6 .79005 E +01 
6. 71691 E +01 
6 .65268E+01 
6.57278E+01 
6 .4766 2E +01 
6 • 36266E+01 
6 • 2 2 84 3 E  +0 1 
6.07050E+01 
5 • 8 846 8 E  +0 1 
5 • 66668 E +01 
5 .4 1 274 E +01 
5. 11 9  5  IE  +  01 
4.7834 3  E  +  0 1 
4 . 3  9  9  7  8  E  +  0  1 
3 . 9  6  1 5  6  E  +  0  1 
3 . 45802E  +  0  1 
2 .87 176 E +01 
2 . 17  2  22 E  +0  1 
1 . 29531E+01 
1.25473E+01 
1 .21359E+01 
1.  1718  7  E-;  01 
1 . 12955 E +01 
1 .08660 E +01 
1 . 04299 E +01 
9. 98694 E +00 
9 .53669 E  + 0.0 
9  •  07  884E  +00 
8 . 6 1 295  E  +00 
8. 13856E  +  00 
7.65517E  +00 
7. 16217E+00 
6  . 65 890E  +00 
6. 14460E+00 
5.6 1836E+00 
5.079 12E+00 
4.52562E+00 
3.95628E+00 
3.36911 E  +00 
2.76151E+00 
2 . 12984E+00 
1.46861 E  +  00 
7 .68057E-01 
3 . 967  07  E -0 1 
0 .00000E-99 
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FIGURE  114.  —  Redlich-Kwong  Fluid,  Asymptotic  Function  of  the  Dis¬ 
continuities  in  the  Measured  Heat  Capacities  at  Con¬ 
stant  Volume  in  Passing  from  Two  Phases  Present 
in  the  Calorimeter  to  a  Single  Phase  as  a  Function 
of  Temperature. 
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